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HAL Communications Corp. warrants that a1t factory-assembled
DKB-20L0 Dual Mode Keyboards shal1 be free of defects in
materlals and workrnanship under normal use and service for a
period of one year from the date of shipment, and further
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liabilities on the part of IIAL Communications Corp. resulting
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DKB- 2010 SPECIFICATIONS

RTTY Mode

Code:
International Teletype, Baudot

Character Format:
1 start bit (space)
5 data bits (mark or space)
1 .5 stop bits (mark)

Ttre duration of each bit is one
select time, determined by the
transmission rate. The minimum
stop bit length for Baudot code
ranges from 1 to L.46 bits, de-
pending on transmission rate and
application

Data Sense:
Mark or rrlrr' holding condition,

output conducting.
Space or rr0rr' signalling con-

dition, output nonconducting.

Character Transmission Rates :

60 words per minute, 45.45 baud.
Select time z 22 msec.

66 words per minute, 50.0 baud.
Select time: 20 msec.

7 5 words per minute, 56 .9 baud.
Select time: L7 .57 msec.

100 words per minute, 73.7 baud.
Select time z L3.47 msec.

Also available on special order:
L32 words per minute, 100 baud.

Select time: 10 msec.

Transmission Rate Accuracy:
Crystal controlled to within *.05%
for ambient temperatures from 50
ro 95or (10 ro 35o C).

Output Interface:
Isolated loop switching transistor.
Ratings:

Vottage, nonconductingz 250 V dc.
Current, conducting: 80 mA dc.

Isolation voltage rating:
Either loop connection to chassis
and groundt 250 V ac or dc.

RTTY Keyfunctions:
10 numeric (0 through 9)
26 atphabetic (A through Z)
15 punctuation marks:

:;/"-!rr/le$OI
3 carriage control keys: linefeed

carriage return, and blank
2 shift keys
1 break key
2 manual case-change keys
2 three-character memory keys

(Cq and AUX) (repeating)
Unless otherwise requested, AUX

key transmits rrDxrr plus a space.
1 identifier key (HERE IS) (repeating)
1 test message key (Ogf: "quick

brown fox") (repeaEing)
1 space bar

Identifier:
Transmits the letters rrDErr followed
by the preprogranrned staEion call
sign of up to L2 characters when the
HERE IS key is struck. Message
repeats as long as key is held down.

Test Message Generator:
Transmit s the mes sage rrTHE QUICK \,
BROI.IN FOX JTMPS OVER THE LAZY DOG'S
BACK 0L234567 89" when the QBF key
is struck. Repeats if key is held
down.

End-of-Line Warning:
Panel lamp lights and audio tone burst
is emitted if more than 64 printing
characters are transmitted without

'an intervening carriage return.
Character Buffer l"lemory i

Stores up to three characters Lf.
typing speed exceeds character
transmission rate. Panel lamp
warns when memory is full. Optional
64 and L28 character buffers are
available.

N-Key Rollover:
New key may be pressed before the
preceding key is released.

Automatic Case Shift:
Numbers may be transmitted without
use of the shift key; case shift
codes are transmitted automaticall

Output Power Rating: t watt



DIG-2010 SPECIFICATIONS (continued)

Morse Mode

Code:
International l"lorse

Data Sense:
Keyed: ouEput conducting
Space: output nonconducting

Character Transmission Rate:
Continuously adjustable from less
than 8 to greater than 60 words per
minute.

Character Weight:
Any of six weight ratios from Lzl to
3:1 may be chosen. A panel switch
permits selection of the four standard
weights: Hearry (5:3), normal (1:1),
light (3:5), and very light (1:7).
The switch wiring may be altered to
substitute ratios of 1:3 and 3:1 in
place of one or two of the standard
weights.

Note: Character weight is the ratio
of dot duration to the length of the
space between adjacent dots or dashes.
For the normal weight ratio of 1: t,
the ratio of dot and dash lengths is
1:3. For other weights, dash duration
is equal to the length of two dots
plus the duration of one space be-
tween consecutive dots or dashes.

Output Interface:
Transmitter keying transistor may be
used for either cathode or grid-
block keying (but not both simul-
taneously).
Transistor ratings:

Cathode keying:
Voltage, nonconducting:

+250 V dc.
Current, conducting: 150 mA dc.

Grid-block keying:
VoLtage, nonconducting:

-150 V dc.
Current, conducting: - 150 mA dc .

Output power rating: 1 watt.

Morse Keyfunctions I

10 numeric (0 through 9)
26 alphabetic (A through Z)
9 punctuation marks:

.,i;Irt-Io
5 special character keys:

(SK, AS, AR, KN, BT)
2 shift keys
1 break (tune) key
1 error key (8 dots)
2 three-character memory keys:

(cQ and AUx)
1 identifier key (HERE IS)
1 space bar
A11 RTTY-only keys produce the

Iulorse error signal.

Sidetone 0scillator:
Internal speaker emits audio
tone keyed in synchronism with
output keying transistor. Volume
adjustable by panel control. Pitch
adjustable by internal control.

Ident ifier:
Performs s€rme function as in
RTTY mode.

Character Buffer Memory:
Performs same function as in
RTTY mode.

N-Key Rollover:
Performs same function as in
RTTY mode.

General: '
Size: l-3.5" wide, 5.0" high, 9 .0" deep

(34.3 x L2.7 x 22.9 cm)

Weight: 5 lbs. (2 .27 kg. )
Power: 105 L25 V dc, 47 to 440

Hz, L/8 amp. (Optionalz ZLO-
250 V acr L/L6 amp) .

Operating Temperature: 50 to 95op.
(10 ro 35o c).
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I. GENERAI INFORMATION

1.1 Description

the HAL DKB-2010 is a solld-state, electronic keyboard designed for
transmltting both RTTY (Baudot) and Morse codes. A succesgor to HAL Comnunl-cationr s

popular fi rs t - generatlon keyboards, the DK3-2010 provides many advanced operating
features:

1. .A three-character buffer memory stores the characters typed for
transmission at a constant rate. Coupled with the n-key rollover
capability, it hetps iron out variations in typing speed and sty1e.

2. A station identifier, included as standard equipment, automatically
transmits the station call sign at the touch of a key.

3. The four RTTY operating speeds (60, 661 75, and 100 words per minute)
are switch selectable and, to assure stability, crystal controlted.
TLre Morse speed is continuously variable from 8 to 60 words per minute.

A warning light and tone signal the RTTY operator when line length
exceeds 64 characters.

A built-in RTTY test generator automatically transmits a standard
test message ("THE QUICK BROWN FOX Jlll,tPS O\rER THE LAZY DOG! S BACK

0L23456789") at a single keystroke.

The Morse code weight can be set to any of four ratios by a front-
panel switch. Weight is unaffected by changes in speed.

The space bar functions in the Iulorse mode to simplify interword
spacing.

Two |tmemoryrt keys can be preprogranrned to automatically transmit
three-letter combinations. One is normally used to transmit ttcqtt,
followed by a space. The code for the other (the AUX key) is selected
by the owrrer at the time of purchase; if not specified it is coded
to transmit rrDxrr followed by a space. '

For the RTTY operator, the DKB-2010 provides automatic transmiSsion of
the case-shift code when typing numbers and letters; the shift key is needed
only for certain punctuation marks. The loop switching transistor in the key-
board output stage is completely isolated from chassis and ground so that it
may be connected at any convenient point in the station loop circuit.

For l"lorse operation, a sidetone oscillator with adjustable pitch and
volume simglifies monitoring of the transmitted code. Five doubte-character
keys (SK, AS, AR, KN, and BT), along with an error key (which transmits eight
dots), provide the special characters needed in Morse work. A tune key
overrides the keyboard output and keys the transmitter on for adjustment.
Keying is accomplished by a high-voltage switching transistor, which may be
connected for either cathode or grid-block keying.

4.

6.

7.

8.

1-1



The keyboard ci-rcui-try is constructed on three G-10 glass-epoxy circuit
boards, housed in an attractive yet rugged two-tone grey cabinet. The circuit
boards are intereonnected by a factory-prepared wiring harness to simplify
construction and servicing. Output connections are conveniently located on
the rear pane1. The i-nternal power supply incorporates active, series-pass
regulators to ensure stability.

L.2 Instrument ldentification

Your keyboard is identified by a serial number tag on the rear panel.
It j-s suggested that you record it in the space provided on the title page of
this manual. Please refer to the seri-al number when contacting the factory
for information or service.

1.3 Aecessories Furnished

The DKB-2010 is shipped with the f'ollowing accessories:

2 6-contact plugs
2 3-contact plugs

18 female connector pins
1 phono plug
2 lengths, 2 conductor shielded cable
1 operating and service manual

L.4 Manual Preview

This manual is provided to help you get the most from your keyboard,
whether you have selected the factory-wired or the kit mode1. In the following
sections, you will find instructions for installing and operating the DKB-2010.
Please read them carefully before attempting to use your keyboard.

Section 4 provides a ful1 description of the keyboard circuitry. Step-by-
step instructions for constructing the keyboard kit will be found in Section 5;
testing and maintenance are covered in Section 6. Parts lists and a complete
set of schematic diagrams are bound at the rear of the manual in Sections 7

and I for ease of reference.

FOR Krr-BUTLDTNG TNSTRUCTTONS , TURN TO PAGE 5-1.

L-2
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II. INSTALIATION

2.1 Initial Inspection

When you unpack your DKB-2010 keyboard, examlne it carefully. If evidence
of shipplng damage is found, contact the carrier lumedlately. Before dls-
carding the packing materlal, check that all parts and accessories are accounted
for (lnc1uded accessories are llsted ln Sectlon 1.3). If any are mlsslng,
please^ notlfy the factory in rrritlng.

If your keyboard ls in kit form, check the part6 against the llst ln
Sectlon 7 of thls manual. Then turn to Sectlon 5 for assenbly lnstructlons.

2.2 Prelininarv Checkout

Conrlect the porrer cord to an AC source of the proper voltage and frequency.

NOTE: The keyboard can be cormected for either 105 to 125 volt
or 210 to 250 vo1t. operatioa. f'actory-as semb led units are
wired for nomlnal 115 volt lnput unlese othen lse lndicated
by a tag attached to the power cord. Before connecting
the power cord, be certain thaE the voLtage of the outlet
corresponds to the keyboard input voltage rating,

To ensure operator safety, co rect the por er cord to a three-prong outlet rrlth
safety ground. DO NoT attempt to defeat the grounding prong of the keyboard
cordset. To do so wilL vold the warranty.

Next, rotate the mode switch to the Morse posltlon. Srritch the keyboard
on by rotatlng the vol.ume control clocklrise to about the center of its range,
When power 1s first applled, the ldenflfier and the three-character memory
cLrcuits may be in thelr active states. If so, the stored characters r i1l be
clocked out of the menrory in rapld successLon. Walt until the process 16
complete. Then press any of the letter or number keys. The keyboard should
produce a keyed audto tone correspondlng to the !1or6e code pattern of dots and
dashes for the character. Test several othef keys,- adjustlng the speed, volume,
aod lreight controls to check theLr operatlon. If this preliminary test ls
satlsfactory, the keyboard is ready to be connected to your CW transmiEter and
RTTY loop circult,

If the keyboard wiLl be used for both RTTY and Morse operatlon in your
statlon, prepare the connecting cableB described ln Sectlons 2.3 a7id 2.4, The
keyboard may be left connecEed to both the RTTY loop and the Cl{ transmltter;
1t ls not neceasary to exchange cables or remove plugs when changlng modes, as
Ehe RTTY and Morse output Btages of the keybosrd are completely independent.
Of course, the keyboard need not be used for both rrodes. In that case, slmply
prepare cables for the approprlate output Jacks and leave the others uncoonected.

BEFORE PROCEEDING WITII TITE INSTALLATIO}I, DISCONNECT fiTE AC POWER CORD.

2-L



2.3 CW Transmitter Keying Connections

The keyboard Morse output stage is a high-voltage switching transistor.
I^lhen connected to the transmitter, this electronic switch takes the place of
the normal hand key. The keyboard nlay be connected for either cathode or
grid-block keying (but not both at the same time), depending on which of rhe
two rear-panel keying jacks is used. The two Morse output connections may
not be used at the same time. The Morse output control circuitry is shown
in Figure No. 8.11.

Before attempting to connect the keyboard to the transmitter keying
terminals, examine the transmitter circuit diagram carefully to determine the
keying method used. The keyboard cannot be used with "floating" key circuits;
one of the two keying terminals must be grounded within the transmitter.

The transistor keying switch is rated to withstand 250 volts at up to
150 mA in cathode keying service. For grid-block keying, the voltage at the
key should not exceed -150 volts, and the current should not be greater than
150 mA. Before connecting the keyboard, measure the voltage across the keying
termlnals of the transmitter with the key open and the current through the key
when it is closed to ensure that these ratings are not exceeded.

Some transmitters (such as the Yaesu FTDX-560 and several of the Swan
transceivers) include a \^7ave-shaping filter in the key line, with a capacitor
connected directly across the key terminals. The eharge stored in this
capacitor can produee a current surge large enough to damage the keyboard
switching transistor when the transmitter is keyed. If such a capacitor is
present i-n your transmitter, a resistance of between 100 and 390 ohms must be
inserted in series with the line to the keyboard. Use a \ watt resistor,
choosing the highest value in this range that does not degrade transmitter
performance. The resistor can be mounted on the plug used to connect to the
keyboard output jack.

CAUTION: HIGH VOLTAGES },IAY BE PRESENT AT THE TMNSMITTER KEYING TERMINALS .

UMLUG THE TMNSMITTER AND THE KEYBOARD BEFORE MAKING THE FOLLOWING CONNECTIONS .

For cathode keying, the keyboard output "irit"h is connected in series with
the cathode circuit of the keyed transmitter stage. A typical installatlon is
illustrated in Figure 2.L. Use a length of shielded wire to connect from the
transmitter to the keyboard Morse 0utput jack. Hook the center conductor to
the cathode of the keyed stage. Ground the shield at the transmitter. Install
a plug on the other end of the cable, connecting the center conductor to pin 3

and the shield braid to pin 2. Connect a jumper wire between pins 1 and 3 of
the plug. Prepare the plug connections as shown in Figure 2.4A. Insert the
plug into the Morse 0utput jack on the rear panel of the keyboard.

A typical arrangement for grid-block keying is shovm in Figure 2,2. In
this circuit, the transistor switch shorts the negative grid blocking voltage
to ground when the transmitter is to be keyed. As in the case of cathode keying,
a shielded cable should be used to interconnect the transmitter and keyboard.
At the transmitter end, connect the center conductor to the normal keying point
in the bias eircuit. Ground the shield. At the other end of the cable, install

2-2
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TYPICAL CATHODE
CON NECTION

I

TO MORSE
OUTPUT

TO MORSE
OUTPUT

TRANSM ITTER

Figure 2.1

TYPICAL GRID BLOCK
CON N ECTION

TRANSM ITTER

Ty picol

SHI ELDED CABLE

Connection for Cothode Keying

SHIELDED CABLE

JUMPER

Figure 2.2 Typicol Connection for Grid Block Keying
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a plug with the center conductor of the cable connected to pin 1 and theshield to pin 2. Connect a jumper between pins 2 and 3 of the pltrg.
Prepare the plug connecti-ons as shown in Figure 2.4A. Insert the plug
into the Morse output jack on the rear panel of the keyboard.

CAUTION: POTENTIALLY LETHAL VOLTAGES MAY BE PRESENT AT THE PLUG CONTACTS

I,IHEN THE TMNSMITTER IS TI]RNED ON. DO NOT DISCONNECT THE KEYING CABLE

FROM THE KEYBOARD WITHOUT FIRST SWITCHING THE TMNSMITTER OFF.

Once the keying cable has been prepared and the plug inserted into theproper keyboard jack, set the mode switch to Morse and switch the keyboard on.Allow time for the identifier memory to clear itself; then press any of theletter or number keys. The audi-o sidetone oscillator should produce thecorrect sequence of dots and dashes for the character, and the transmitter
should key simultaneously.

2.4 RTTY Loop Connect j_ons

Since the RTTY output stage of the keyboard is isolated from ground and
from the chassis, the keyboard can be connected at any convenient point in the
station loop circuit, provided that the voltage from either loop connection to
ground does not exceed 250 vo1ts. Loop current is switched by a transistor,
rated to carry up to 80 mA dc and to withstand loop voltages up to 250 volts dc.
Before making any connections to the keyboard, measure the loop voltage in the
space condition and the current during mark pulses to make certain that neither
exceeds the keyboard rati-ngs.

UNPLUG THE KEYBOARD AND THE STATION LOOP SUPPLY BEFORE }4AKING ANY CONNECTIONS.

A typical station loop circuit is shown in Figure 2.3. A 6 pin plug is
used to connect the loop to the keyboard. Break the loop circuit at the
desired point and connect the positive lead to pin I of the p1ug. Connect
the negative lead to pin 3. The cable shield, if- one is usedr Day be connected
to pin 2. A jumper (or additional RTTY equipthent) should be connected between
pins 4 and 6. Double check the polarity of the loof leads, BS reverse voltages
may damage the switching transistor. Then insert the plug into the RTTY LOOP
jack on the keyboard rear panel.

If the negative loop keying lead is grounded, the connections shown in
Figure 2.4 should be used. Prepare the plug connections as shown in Figure 2,4A,

The diode bridge circuit shown in Figure 2.5, if installed at the RTTY
LOOP p1ug, makes it possible to connect the loop leads without regard for
polarity. Diode polarity must be carefully observed when constructing the
circuit, and the leads must be properly insulated and positioned so that they
do not short together. This circuit is not recommended for loops operating
at less than 30 voltsr ss the diodes may introduce too much voltage drop. The
bridge arrangement may be used even if one lead of the loop circuit is grounded.
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CAUTION: LOOP SUPPLY VOLTAGES ARE EXPOSED AT THE CONTACTS ON THE PLUG.

IF YOU USE A HIGH VOLTAGE LOOP SUPPLY, DO NOT SI,IITCH IT ON UNLESS THE PLUG

IS INSERTED INTO THE KEYBOARD RTTY LOOP JACK.

once the connections have been made and the plug inserted, the loop
supply and keyboard may be plugged i-n and switched orl. With a printer or
visual display unit connected into the circuit, set the mode switch to the
correct speed and press any of the character keys. The printer should re-
produce the character. If the printer is in letters case, pressing a leEter
key followed by a number key should shift it to figures case. Typing another
letter should return it to letters case. After 64 printing characters have

been typed without an intervening carriage return, the END OF LINE lamp will
llght and the speaker will emit an audio tone burst.

2,5 Audio Outpu! Connections

The audio signal from the sidetone oscillator may be coupfed to an

external circult via the AUDIO OUT jack. Solder the center conductor of a

shiel-ded cable to the pin of a phone plug, and connect the braid to the plug
sheLl. Insert the plug into the output jack. The amplitude of the audio
signal may be adjusted with the keyboard volume control.

TO LOOP
CIRCUIT

TO RTTY LOOP
CONN ECTOR

Figure 2.5 Bridge Polority Protection Circuit
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III. OPERATING YOUR KEYBOARD

3.1 Introduction

The many advanced features of the DKB-2010 keyboard make lt easy to
produce flawless RTTY and Morse code slgnals. Ihe operattng tips presented
ln this sectlon will help you take full advantage of your keyboardr s capablllties,
RTTY operation w111 be covered flrst. Since most features are operative in both
modes, Morse operation ls very simllax. The few differences are explalned ln
Section 2,3. FLgure 3.1 shows the position of the keys and controls.

3.2 RTTY Operatlon

Switch the keyboard on by rotating the volume control clockwise to about
the mlddle of its range. The quick brown fox and identlfr.er clrcults may be
active when power is applled. If so, they w111 cornpleEe thelr sequences and
clear themselves in ten seconds or 1ess. Slnce lt ls possible for both circuits
to start in the active state, the output during this period may be unLflt.elllgib le.
When the sequence ls complete, set the mode control to the deslred RTTY operating
speed, and turn on the statlon loop supply and printer.

To transolt any character, simply press the correspondiog key. It is not
necessary to depress one of the SHIFT keys before typlng numbers, as the keyboard
will produce the requlred flgrres-case code automatlcally before transmitting
the number. Likewise, the next time you strlke one of the letter keys, the
letters-caae code will be sent. The most common punctuation marks (perlod,
conrna, colon, serni.colon, and fraction bar) can also be typed without using the
SHIFT key.

Some punctuation marks appear on the upper haLf of their keytops. To type
these characters, press either of the two SHIFT keys and hold it down white you
strike the desired key. Then release the SHIFT key.

Five of Lhe keys are inscribed with two characters joined by brackets.
The characters these keys produce change when the keyboard is switched from RTTY
to l"lorse operation. The keys and their functions are listed in Table 3.1.

In the RTTY mode, the character shown on the l6wer half of the key is
transmitted if neither of the SHIFT keys is depressed when the character key
is struck. If, on the other hand, a SHIFT key is held down while the colon key
is struck, the belL code will be transmitted. The hyphen and semicolon keys
produce blanks in the shifted mode, The carriage return and linefeed keys
transmit the s€rme character regardless of the shift key position.

Unless you are a very proficient typist, you probably will not be able to
type characters faster than the keyboard can transmit them. If you type in
short , rapid burs ts , however , you may f ind that you can momentarily ttget aheadrt
of the keyboard that is, you may strike a new key before the code for the
preceding one has been transmitted in its entirety. The three-character buffer
memory and n-key rollover features of the DI(B-2010 help to compensate for these
typing speed variations.
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Table 3.1: Characters Produced by Bracketed Keys

Key
RTTY Iulode

Unshifted Shifted

Morse Iulode

Unshifted Shifted

BELL

rAS.LI

-BT-LJ
;

- AR.
Lt pl

-KNt
L nrrumll

Colon

Hyphen

Semicolon

Line
Feed

Carriage
Return

Be1 1

B lank

Blank

Line
Feed

Carriage
Return

AR

KN

SK

AS

BT

AR

KN

Colon

Hyphen

Semicolon

Figure 3.1 Location of Controls and Keys
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As soon as you type the first character of a series, the keyboard wiLl
begin transmitting it. You may then type two more characters, even though
transmission of the first one has not been completed. The keyboard willttrememberttthese characters and transmit them in the proper sequence. To helpyou pace your typing, the MEMORY FULL lamp will light when three characters
have been stored. Simply wait until the light goes out, indicating that thereis room for another character in the memory, before your next keysiroke. If
you should happen to press another key while the memory light is oor the lastcharacter in the memory will be replaced with the new one typed .

The n-key rollover feature means that you do not have to release a key
before striking the next one. The keyboard will transmit the characters in
the proper order.

Another operating convenience of the keyboard is the Line length indicator.
If you type more than 64 consecutive printing characters, the END OF LINE
lamp will light and an audio tone will be emitted as a reminder to send a
earriage return and linefeed. Non-printing characters, such as Linefeeds and
blanks' are not counted as part of the 64 characLers, This warning feature is
particularry useful when you are punching paper tape.

Five standard RTTY control keys are provided . The LIMFEED, RETURN
(carriage return), and BLAI\TK keys perform their normal functions of advancing
the printer paper one line, returning the carriage to the left margin, and
punching blank characters on paper tape, respectivety. Although the keyboard
produces all required figures-case and letters-case codes automaticalLy, a
figures (FIGS) key and letters (LTRS) key are provided so thar you may manually
shift the case of the receiving teteprinter, It is not necessary to use these
keys when transmitting characters which appear on the upper half of the keytops.
Instead, use one of the SHIFT keys as described previously. The keyboard will
automatically transmit the figures-case code, and will also return the printer
to letters case the next time a letter key is struck.

The keyboard includes a number of special keys which simplify RTTY
operation by automaticaLly transmitting strings of several characters at a
single keystroke. The key labelled QBF produces the standard RTTY test
signal rrTHE 

QUICK BROWN Fox JUMPS oVER THE LA&Y DOG'S BACK 0L23456789".
It is not necessary to hotd the key down once the message has started. If;
however, the key is held down through the end of the sequence, the entire
message will be repeated.

A station identifier, actuated
transmit the letters I'DEt', followed
will be repdated as long as the key

the HERE IS key, is preprogranuned to
your station call sign. The sequence
held down.

The CQ key produces the letters ''CQil followed by a space. Another
special k"y, labeLled AUX (for auxilliary) can be preprogranrned to transmit
any group of three characters. On factory-assembted keyboards, this key is
progranmed with the characters requested by the purchaser when the keyboard
was ordered. If not specified, it is progranrnred to produce the letters rrDxtr

followed by a space. Kit builders may select the characters at the time of
construction. Both keys repeat their character sequence if heLd down.

by
by
is
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T'he last of the special" keys is the BREAK key. In its idling state
(when no characters are being transmitted), the keyboard Loop switching
transistor conducts. Hence, the loop circuit is in the mark condition. For
testiog, the current may be interrupted, changing the Loop to the space
condition, by depressing the BREAK key. Releasing the key returns the loop
switch to normal operation.

When the keyboard power switch is turned off, the station loop will be
interrupted, since no current can fLow in the loop switching transistor.
If you wish to use other equipment connected in the Loop, the circuit may be
completed by either switching the keyboard on and allowing it to idle, or by
setting the I,10DE switch to the Morse position. In the Latter case, one section
of the MODE switch bridges across the output transistor, allowing Loop current
to flow.

3.3 Morse Code Operation

Morse codetyping with the DKB-2010 keyboard is very similar to RTTY
operation. Set the MODE switch to the Morse position and rotate the volume
control clockwise to switch the keyboard or1. Allow a few seconds for the
identifier circuit to clear itself . Set the ITIEIGIIT control to Norm. Touch
any letter key and adjust the VOLIIME controL for the desired audio sidetone
level. The SPEED controL may be adjusted for any code speed from 8 to 60
words per minute.

The MEMORY FIILL lamp and the n-key rollover features work the same as in
the RTTY mode to he1-p you pace your typing. Since Morse transmissions do not
involved a fixed line length, the END OF LINE warning light is not operative.
However, it may light if the MODE switch is set to the lvlorse position when the
keyboard power is switched on. To extinguish the lamp, move the MODE switch
to any of the RTTY positions and press the return key. Then return the switch
to the l"lorse setting.

The HERE IS, CQ, and ALIX keys operate in their normaL manner, but the
RTTY test generator (QBF key) is inappropriate for Morse transmission and
therefore does not function. The BLAI.TK key produces the standard eight-dot
I"lorse error signal. -

Five 'rdouble character, keys ([SK], [es], [an], [rcl], and [rr]) are
available exclusively in the l"lorse mode. Each of these appears on the upper
portion of the key, but is enclosed by square brackets indicating that it is
not necessary to press a SHTFT key-r'rtren transmitting the character. If ,
however, you strike the SK, AS or BT keys while holding one of the shift keys
down, the punctuation marks shown on the lower half of the key will be produced,
as shown in Table 3.1. The AR and KN keys produce the same output regardless
of the SHIFT key position.

Only 10 of lhe punctuatlon marks are used for Morse code (, , /:; ? - ( )
and '). Of these, the last seven are transmitted using the SHIFT key. Attempting
to transmit any of the remalnlng punctuaEion marks produces the Morse error slgnal

Ttre space bar performs its normal function to ensure proper spacing
between words. You will find it particularly useful when you type fast enough
to store more than one character at a time in the keyboard memory.
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The BREAK key operates ln the Uorse mode, but has a dlfferent effect than
in RTTY operation. When pressed, lt closes the electronic keying swltch,
holdtng the transmitter on the air for tunlng and adjustnenE. Releashg the
key returns the keying circult to normal operation.

The I,)XIGHT control offers a choice of four weight ratios, varying from
very Light (1:7) to heavy (5:3). In Morse code, the rreight is the ratlo of
the length of a dot to the length of the space between dots and dashes. At
the vgry light settlng, the dots vtl]" sound very short. As the switch is
moved toward the heavier $reight ratios, the dots wlll sound longer ruhen
compared to the spaces beh0een dots and dashes. Experiment rrith the setting
until you flnd the one that seems the most pleaslng.

The volume control adjusts the sldetone osciLlator output l"eveI. The
pi.tch rnay be changed, tf necessary, by an internal adjustment, described in
Section W.
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IV. TIIEORY OF OPERATION

4.L Introduction

This section describes the circuitry of the DI(B-2010 keyboard system
and explains its operation, first in general terms and then in detait.

A block diagram of the system is provided in Figure 8.1, bound in
Section 8 with the schematic diagrams of the keyboard circuitry. Ttre drawing
synbols and conventions used are illustrated in Figure 8.2.

The keyboard uses lntegrated digital Logic circuitry throughout. Readers
unfamiliar with the principles of logic circuits may find it helpfuL to
refer to an introductory discussion of Ehe subject before proceeding.'

4.2 General Operating Principles

The primary function of the keyboard circuits is to convert the closure
of a keyswitch into a series of sequential- pulses--marks and sPaces in the
RTTY moder or dots and dashes in the Morse mode. These puLses aPPear at the
keyboard output stages, where they activate switching transistors to key the
station loop circuit or CW transmitter.

Of the 53 independent keyswitches, 46 are arranged in a matrix. The

remaining seven are used for special functions. The 46 matrix keys are
connected to a 1-arge-scale integrated-circuit keyencoder, trrlhenever this
circuit senses cLosure of a keyswitch, it produces a seven-bit digital code,
which appears in-paraLlel form at the circuiErs output. This code is the
A,SCII equival erltz of the character to be transmitted.

Some of the keyswitches can produce two different characters. One of
these characters is printed on the Lower hal-f of the keytoP. Those appearing
on the upper half are "shiftedff characters, transmitted by Pressing ore of the
shift keys along with the character key. Closure of the shift keyswitch
instmcts the keyencoder to produce the ASCII code for the shifted rather
than the unshifted character.

Of the seven keys not connected to the matrix, two are the shift keys
just mentioned. Four others are used to initiate special character sequences:
the station identifier message, thetrquick brown foxtt test signal, and the
special three-character memory sequences. The remaining key, labelled BREAK,

"11oonr 
the operator to break the RTTY l-oop manually, or, in the l"lorse mode,

to key the transmitter manually for tuning.

10rr" useful reference is the text by Thomas P. Sifferlen and Vartan
Vartanian, Dieital Electronics with Engineering Applications (Englewood Cliffs'
N. J.: Prentice HalL, Inc., 1970).

2rh* ASCII code is the American Standard Code for Information Interchange,
widely used in data processing systems. Table 4.2 in Section 4lists the
ASCII eode for each character used in Ehe DI(B-2010 keyboard.
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The A.SCII eode produced by the keyencoder or one of the speclal mesaage
generators must be converted Eo a dlfferent Pattefir of blts to Produce the
irtto.Mor8ecodepu1sesequence.Theconv!rs1on1saccomp11shedbyaread-
only memory (RoM) preprograumed with the code Patterns required for each
character. ftre seven-bit code fron the keyencodet or the sPecial message
generators, along wlth an eighth bit which selects the RTTY or Morse mode,
ls applted to the elght address inputs of the Ro}I. The lnPut code addresses
a partlcular elght-bit location 1n the m€mory. In that locatlon ls stored the
correct code for the character, which aPPears at the ROI'[ outPut, Thus the
ASCII code ts converted to the llorse or RTTY bit Pattern.

The ROlt output i3 fed Eo an etgtrt-bit buffer memory. If the keyboard is
ldIe, the code ls pa€sed dlrectly to the 10-bit statlc shift reglster. If
Ehe latter regisEer already contalns a character, however, the buffer storee
the code until the shlft reglster is cleared and ready to accept new lnPut data.

Up to thls polnt, atl characEer codes are handled ln para11e1 fomat
(a11 btta are tTansmltted slmultaneously on para11e1 lines). Both Ehe Morse
and RTIY tranamission Eodes, hovever, require that the output Pulses aPPear
sequentially. The 10-biE shlft register performs the necesaary Parallel-to-
serlal converglon. The lnput code bits fron the atorage buffer are loaded
lnto the shlft reglster ln para11e1. Clock pulses are then aPPlied Eo the
register, causlng Ehe bits to appear in sequence at the register outPut.

Depending on the settlng of the Eode swtEch, the regt8ter output acEtvates
either the l,torse character generalor or the RTIY looP $ritching circult. In
the RTIY mode, Ehe outpuE code keys the looP srsltch through an isolatlon
clrcult. For Morse transmlsslon, the blts must be converted to Pulses of
unequal length, fonnLng dots and daehes. Ttre Morse character generator
accepts the serl.al code from the shtft reglster and performs the converslon.
Itre generaEor output activates the l'Iorse keylng transisEor and the stdetone
oscillator.

Several additional- circuits are included to increase operating conveni-ence.
In the RTTY mode, a counter keeps track of the number of characters trans-
mitted after a carriage return. It activates the RTTY END OF LINE laotp and
triggers a toneburst from the sidetone oscil-lator rttren 64 characters have been
produced.

Ttre frquick brown foxrrgenerator produces the standard RTTY test message
when the QBF key is pressed. A similar automatic character sequencer, usable
in both the RTTY and Morse modes, produces the Letters DE and the station call
sign whenever the operator strikes the HERX IS key. Two other automatic
sequencers produce three-character groups at a single keystroke. One is
normal-ly coded to transmit the tetters CQ foLlowed by a space. Ttte other,
acti.vated by the AUX key, may be progranrned for any group of three characters
of the userrs choice by rearranging diodes in a memory matrix. A11 of the
sequencers will repeat their messages as long as the activating keyswitch is
held down.
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4.3 Clrcult Analysig

In the foLlorrlng sectlons, the keyboard circuliry wt1l be described ln
greaEer detail, In the course of the dlscuseion, frequent ieference ls made
to the schematlc dlagrams lncluded ln Section 8. Figure 8.2, which precedes
the schematlcs, illustrates the drar0lng conventlons used.

To aid in traclng slgnal paths through the keyboard circuit diagrams,
each 1lne'which connects betlreen portions of the circult sho$n on different
drawlngs ls deslgnated by a n:rme that describes lts function (e.9., BUFFER

rUIL). Sore of the Iabels are overscored, lndlcating that the signal carried
by the 1lne ls lnverted or rrnegatlve true'r' Thus the BUFFER FIr],I, line i8 at
its I'hlgh" 1evel (above 2,4 volte) when a character has bCen- r.lEEd ln the
buffer regtster. On the other hand, the line deslgnated RTTY ToNE activateg
the tone generator lrhen lt changes to lte rrlowrr state (1ess than 0.8 volts).

To a1d ln 1ocatlflg the source of the 81gna1a on these llnes, a code is
included lrith the naflre, except, of course, at the point where the slgnal
orlgLflates. The code conslats of a nr:mber and a dash, folloved by a letter
and number pair (for example, 8.1-83). Ihe first number Lndicates the flgrre
ln wtrlch the si8nal source may be found--ln this ca6e' Flgure 8.1, Each
schenatlc dlagram lncludes coordlnates, slnltlar to those used on maps, along
tro of its edges, Ttre letter-number palr of the code gives the coordinates
of the area on the drawlng where the slgnal orlginates. In the case of the
code 8.1-83, the slgnal aource may be found ln Section 83 of Figure 8.1.

Trro slgnal lines $trich degve special attention are the M/R llue and
its inverted counterpart, the M/R line. Ihe signal on these buses sr ltches
the keyboard between the Morse and the RTTY mode, disabltng the RTrY circults
when the mode srrltch ls set to the Morse Position, and the llorse circults
when lt ls set to one of the RTTY operating sgeds, the M/R bus is high in
the Morse mode and 1o!0 ln the RTTY node; the M/R line assr:mes the oPPosite states.

Most of the keyboard circult comPonenta and vlring are contal'ned on two
prlnted circult boards. The boards are lnEerconnecEed by a rrlrlng harness
with a card-edge connecEor at each efld. The harness alao conrlects to the
cablnet-mounted corponeots and to the power supfly. S1na1l squares contalnlng
a slngle letter or nr:mber appear on aone 6igna1 1lnes to tndlcate that the '

llne ls connected to the harness through one of the edge connectors. The

number or lettet in the square corresponds to the connector Pln deslSnatlon'

The keyboard encoder is included on the clrcuit board to rtltlch the key-
sr.ltches are urounted, A11 other clrcultry' excePt for cabLnet mdunted Parts'
1s found on the other boartts. A wlre list of the harness coflnections 18

tncluded at the end of Sectlon 8.

4.4 Scannlng Kevboard Encoder

The transmission of lndlvldual characters ls lnltiated by the keyboard
encoder sectlon. An integrated clrcutE keyencoder, ln conjunctlon wlth a
matrlx of 46 keysvitches, produces an A.SCII code output for each key closure'
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The encoder and keyswltch matrix are ehorrn ln Flgure 8.3, Each key-
srritch is represented by a box ln the larger rectaogle at the left. The
rows and columns of the matrix are formed by buses connected to the X and Y
terminals of the encoder IC. Any keysrrltch, when closed, completes the
circuir between one of the X (row) and Y (coluum) termlnals, Thus each
keyswitch ls asslgned a unlque palr of x,y coordlnates ln the matrix.

A block diagram of the encoder IC is shown in Figure 4.L. A dynamic
scanning method is used to sense the cl-osure of keyswitches and to produce
the required ASCII output code for the corresponding characters. Clock pulses,
suppl-ied from the RTTY timing chain (described in Section 4.10), drive the X

counter in the IC. As the counter increments, the X (row) lines of the matrix
are driven high sequentially.

The Y counter, which increment s once for each co'nrplete cyc le of the X
counLer, causes the Y (column) sense lines to be monitored in sequence. If
a keyswitch is closed, connecting one of the X lines to one of the Y lines,
the closure will be detected by the key sense logic circuit when that
particular X line is driven high and the Y Line is simultaneousLy sensed. The
state of the counters at the instant the keyclosure ls detected then corresponds
to the X and Y coordinates of the closed key.

The encoder IC includes a read-only memory (ROM) to convert the coordinates
suppLied by the counters to the correct ASCII code for the character, Each
Location in the memory stores the ASCII code for one of the 46 characters.3
As the X and Y counters increment, they not only enable the X and Y matrix
Lines, but also provide an address code to the ROM. Itrus the memory Locations
are addressed in sequence as the key matrix is scanned, and the ASCII codes
for each of the keyswitches appear in sequence at the ROM output. As long as
the keyswitches remain open, the output of the RON'I is ignored. If , however,
during the scanning process a cLosed keyswitch is detected, the key sense logic
causes the code appearing at the ROM output at thaE instant to be transferred
to the storage buffer.

The scanning process is dynamic; that is, the counters are cycled
repetitiveLy at a fairly high rate, so that key cLosures are detected almost
instantly.

So'me of the keys can produce two different characters, a shifted and an
unshifted one. The character produced by such a key depends on whether one
of the shift keyswitches is cLosed. If it is, it alters one bit of the
address fed to the ROM, thereby accessing a different storage l-ocation and
producing a different output code.

An important and useful- feature of the encoder is the provision for
N-key rotLover, which is defined as the abiLity to produce an output code
each time a new key is pressed without regard to the condition of the other

3fh" ICts internal memory is actually capabLe of translating 90
different keys; only 46 are required in the DIG-2010, so the remaining key-
switch positions are left blank.
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keyswitches. In practical terms, it means that new key closures wlll be
detected even if the operator has failed to release preceding keys, __

During each scan of the key matrix, the output of the sensing circuitry
is fed in seriat form to a shift register. Once the scan is compl-ete, the
register contains a digital f 'listrr of the status of alt keyswitches. During
the next scan, the register contents are clocked out as the new data are fed
in. Ttre registerrs input and output are comparedl if any of the keys have
charrged state between the scans, the difference will be detected. The control
Logic then recognizes the new key closure as valid and alLows the ROM output
code (for the new key only) to enter the storage buffer. Keys r*rich were
closed on both scans have no effect on the output, since no change in their
state is detected.

Wtren a character has been stored in the buffer and is ready for transfer
to the keyboardrs code conversion circuit, a data strobe signal (logic high
leveI) appears at pin L3. This strobe drives the keyboard READY bus,
signalLing the keyboard buffer control circuit that a character is waiting
in the encoderr s output storage register. This strobe signal- also feeds a
l"ntp driver, causing the ttmemory fuLltt 1-amp, rDL01, to 1ight.

Wtren the keyboard control circuit is ready to accept the waiting character,
itreturnsasigna1ontt'effi].ine,causingtheencoderIC'sdatadrivers
to transmit the stored character to the keyboardrs code converter via data
1_i19t fo through q. Ttre data strobe output then goes 1ow, and the memory
full lamp is extin[uished.

If the operator types slower than the data transmission rate, the ENABLL---
signat is returned to the encoder IC almost instantaneousLy, so the memory
full light is energized only momentarity and therefore does not emit a
noticeable flash. On the other hand, if a new character is typed when the
storage buffer is ful1, the Lamp wi1I, remain 1it until the buffer is free,
warning the operator that the storage capability of the keyboard will be
exceeded by additional keystrokes.

4 .5 ROM Code Converter

Ttre seven ASCII code bits from the keyboard encoder are coupled to
the input of a 2048-bit read-onLy memory (ROM), shown with its control Logic
ln Figure 8.4. The ROI.{ is preprogranrned to store both the Baudot and the
l'lorse code equivalents of each ASCII character. An eighth bit, derived from
the mode switch via the identifier controt circuit, indicates lrhether the
I'Iorse or the Baudot code is to be produced. This bit is supplied to the ROI'{
in parallel with the seven bits from the encoder. Together, these eight bits
form the address code fed to the ROMrs input.

Each time a character code is fed to the ROM address inputs, a particular
eight-bit storage tocation in the memory is accessed. The data word stored
there is either the Baudot or the Morse equivalent of the input (address)
word, depending on the state of the eighth bit. The stored bit pattern appears
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at the ROI'I outputs in paraltel. Ttrus, the input character is, in effect,
converted from ASCII code to the bit pattern required for Baudot or Morse
transmi.ssion.4

In the RTTY mode, only five of the ROM output bits, Dl through D5, are
used to represent a particular character. Ttre other three control the RTTY
character counter and the automatic case-change circuitry. If the character
to be transmitted is in the shifted case (that is, if it requires that the
rece"iving printer be in figures case) , the Dg bit of the ROI'I output will be
high. Fed to the input of the case change flip-flop (Figure 8.5-A6), the bit
causes the fLip-f1op to change states if the preceding character was in Letters
case. The keyboard then transmits a figures-shift code before producing the
current character. Likewise, if the current character is in letters case,
but the preceding one was in figures case, the D0 bit wilL be tow and the
Letters-shift code will be sent. If two successive characters are in the
same case, the Dg bit does not change, and no case-shift code is transmitted.

The D6 and D7 bits control the RTTY character counter (Figure 8.9).
This counter keeps Erack of the number of printing characters transmitted in
sequence and lights a warning Lamp when the end of the line is approached,
signatling the operator to transmit a carriage return and linefeed before
proceeding. However, not alt characters resuLt in printed output at the
receiving end--some, such as the blank, do not print, and thus do not add to
the length of the line.5 The character counter must therefore be instructed
not to count such characters. The D7 bit of the ROM output is high for each
non-printing character, disabling the character counter.

l,lhen a carriage return is sent, the character counter must be reset for
the start of a nevr Line. Ttre sixth bit, D6, of the ROI,I output is 1ow for
this character only. The i-nverted D6 signal is applied to the character
counter flip-flop reset terminals, returning the counter to the zero state
when a carriage return is produced.

No case-change code is produced when
as the D7 line is higlr and the case change
respond to the state of the D6 bit.

a non-printing character is sent,
flip-flop is therefore unable to

4.6 Storage Buffer

The ROM output character contains the data eventually fed to the shift
register, r*rere it is converted from parallel to serial form. Before it
reaches the shift register, however, it enters a buffer storage register,
shown in Figure 8.4. If the shift register is busy producing a character
when the code for the nehr character appears at the ROM output, the new code

4f"b1" 4.3 in Section 4.L8 lists the ROM output code for each
character.

5rh" non-printing characters are the carriage return, tinefeed, b1ank,
letters-shift, figures-shift, and bell.
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will be stored in the buffer until the shift register has conpleted its cycle
and ls ready to accept fresh input data.

Buffer operation is controlled by the Logic circuit shown at the Left
in the drawing. Wtten a new character has been produced by the keyboard
encoder, the READY line goes high. This signal passes through a NOR gate
where it is combined with the ID READY signal. Thus, if a character is ready
at either the keyboard or at the identifier, the output of the NOR gate will
be loril. This terminal is connected to the D input of the first of a string
of four flip-flops (ICts 1 and 2). The flip-fLop clock terminals are driven
by the H0 clock line. On the first positive-going clock transition after
the READY signal appears, the first flip-flop changes states, driving pin 5
of circuit 2low. If the ENABLE IGYB0ARD_bus is Low, the signal passes
through two NOR gates and drives the ENABLE terninal of the encoder low,
causing the ne$r character to be transferred to the ROM input. The converted
character code appears at the output of the ROM, ready for loading into the
storage buffer.

Assuming that the buffer is free (that any previous character has been
transferred from the buffer to the shift register), the LOAD BUFFER Lines,
which drive the buffer register clock terminals, will be driven high on the
next positive clock transition. The data from the ROM, coupled to the D

inputs of the buffer flip-flops, then enters the buffer. 0n the next clock
pulse, the LOAD BUFFER line goes low, preventing further characters from
entering until the current character has been transferred to the shift
register. One clock pulse later, the ENABLE Line goes high, decoupling the
keyboard encoder from the ROM input

I,lhen a character is waiting in the buffer register, the last of the four
flip-flops is set with its a output high, driving the BUFFER FULL line high.
After the contents of the buffer are read into the shift register, the
BUFFER READ line is driven low by the shifL register control circuitry,
resetting the Last two flip-flops in the buffer control.

In the case l*rere input data are being supplied to the ROM from the
identifier rather than the keyboard, it ts necessary to inhibit the
identifier sequence when the buffer is fu1l, and to notify the identifier
when the buffer is ready to accept a new character. Ttre signaL fed to the._
identifier (and to the other automatic sequencers as weLL) via the RESIIME ID
Line serves this purpose. I,lhen the buffer is fuLL, the line is driven Low.
As soon as the character in the buffer has been accepted by the shift register,
the BUFFER RXAD Line is driven Low, pulling the RESIIME ID bus Low also. The
identifier then passes a nesr character to the ROM input, where lt is converted
and fed to the buffer.

4,7 RTTY Control and Decoding Circuit

Wtren the keyboard is set to the RTTY mode, the trans fer of characters
from the buffer to the shift register, as well as the subsequent operation
of the shlft register, is supervised by the RTTY control circuit, shown in
Flgure 8,5.
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The control circuit is composed primarily of the RTTY run ftip-flop
(IC-15), the case change flip-flop, the case i-nsert flip-f1op, and the
character timing counter. The latter is a divide-by-16 counter coupled to
control gates which reset it to the zero state when a count of fifteen is
reached. Its purpose is to control the number of clock pulses reaching the
shift register. It passes only enough pulses to cLock out the RTTY start
pulse, the five character-code bits, and the stop pulse.

The clock input of the counter is driven at twice the baud rate for
the RTTY operating speed chosen. The clock pulse source is the 0 output
of the RTTY timing chain (Figure 8.8).

Operation of the counter is controlled by the RTTY run flip-flop.
Assume for the moment that the shift register is idle, that a character is
stored in the buffer, and that the next character typed is in the same case
as the one previously transmitted (that is, that no case-change code need be
produced). The BUFFER FULL line informs the shift register controL circuit
that a character is waiting. 0n the next Hp clock pulse, the character is
loaded into the shift register and the RTTY LOAD bus, driven by the shift
register control circuit, goes low, as shown by the waveform drawing in
Figure 8.5. This transition drives the RTTY run fLip-f1op to the set statel
that is, it sets pin t high.

Ttre load conrnand is also fed to the timing chain, where it removes the
reset signal from the frequency divider stages and allows timing pulses to
fLow to Ehe clock input of the character timing counter (pir L4 of TC-27).
When the RTTY run f Lip- f lop is set, it drives the RTTY STARf_fus high and
opens the NAI'ID gate (part 

"t IC-14) which drives ttt. ntfY Sttff't line. TLre

output of the first counter stage is then all-owed to pass through the gate,
This signal, with a frequency of one-half of the 0 clock rate, is applied
to the clock Lerminals of the shifE register, so that the contents of the
register are clocked out to the RTTY loop switching circuit.

The output of each stage in the character timing counter is connected
to one of the four inputs of a NAND gate (IC-28). trrlhen the counter has
received fifteen clock pulses, all of the gatets inputs are high. The
output goes low, resetting the counter befoF the sixteenth clock pulse
arrives, The reset signal is also fed back to pin- 11 of fC-L4, stopping the
fLow of clock putses to the RTTY SHIFT 1ine. Clocking of the shift register
consequentty stops at the end of the character. The reset signal is also
returned to the RTTY run flip-flop, returning it to the clear oritreadyrtstate.

In the event that the new character is in a different case from the
preceding one, the sequence of operations is somewhat different. The key-
board must delay transmission of the new charaeter until the letters-case
or figures-case code has been sent to change the receiving printer to the
correct case. Ttre case code is not produced by the shift register; rather,
iE is generated by logic gates connected to the character timing counter.

As mentioned in Section 4.5, the Dg bit from the ROI"I code converter
indicates the case of each character produced. Apptied to gates at the input
of the case change flip-flop, it is combined with the LOAD RTTY signal and
ttre I bit. When the LOAD RTTY f.ine goes high, indicating that a new
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character has entered the shift register, and provided that tfr" Ol bit is
trlgh, the Dg blt passes through the NAI.ID gates to the inputs of the case
change flip-f1op, If the new character is of a different case than the
precedlng one, the flip-flop changes states. The flip-flop outputs are
dynamlcally coupled to the preset ter:ninal of the case insert flip-flop,
forcing lt to the set state. Ttre INSERT CASE CODE Line is driven high,
stgnalllng the RTTY encoder to accept an input from the case character
generator rather than from the shift register.

An output from tn" E or rr0r' teminal of the case insert f Lip- f 1op closes
the shift regi.ster clock gate, preventing clock pulses from flowing to the
register. Ttre character stored in the register is therefore held until the
case-shift code has been transmitted.

The character timing counter, however, is allowed to run as usuaL. Its
output states are decoded by the case character generator gates (IC-34) to
produce the waveforms shown at the bottom of Figure 8.5.

Pin 6 of the gate is Low during the rr0rr and rr1.lr states of the counter,
producing the C = Ovl-9g!g,t. Pin LZ is 1ow during Lhe sixth and seventh
counts, driving the C = 6v7 output low. The C = 0v1 output bV rtseL! is
equivalent to the RTTY letters-shift code. Wtren added to the C = 6v7 output,
it produces the figures-shift code.

Ttre two signaLs are fed to the RTTY encoder (Figure 8.7) al-ong with
outputs from the case change flip-f1op. The Latter signals instnrct the
encoder which of the trvo case codes is to be generated. The RTTY encoder
then uses one or both of these trrTo signals to key the loop and transmit the
required case code.

The shift register remains dormant until the case-change character has
been completed. At that time, the character timing counter reaches its
fifteenth state and the counter reset gate output goes 1ow. Ihis signal
resets the counter and the case insert flip-f1op. A signal from the flip-
f Lop I s a output, coupted to one input of the NAI'ID gate at the RTTY run
flip-flop toggle terminal, prevents the latter flip-flop from being reset.
It also opens the shift register cLock gater The charaeter timing counter,
which is still receiving clock pulses, restarts at the zero state, but this
tlme clock puLses are allowed to flow to the shift register. As a result,
the eharacter stored in the register is clocked out to the RTTY loop keying
circuit.

4.8 Shift Register and Control Circuit

Characters arriving from the storage buffer in parallel are converted
to serial form by the shift register, shown in Figure 8.6. The register
consists of two ICrs, each containi.ng five flip-fIops. Ttre input code,
whether a I'lorse or RTTY character, is supplied to the register on data
Lines D0 through D,. Register operation is controlled by the two flip-flops
which c5urprise TC-7 .
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In the quiescent state, both the MORSE START and the RTTY START lines
are tow. T'trese signals are courbined in the gates which make up IC- 8 , driving
the output (pir 1) Low. Coupled to the reset terminals of the shift register
stages, this output clears the register.

As soon as a character has been transferred from the keyboard encoder
to the storage buffer, the BUFFER FULL Line goes high. 0n the next positive-
going transition of the H0 clock, the first of the__shi_f!_fggister control
flip-flops toggles, and its a output drives the BUFIIER READ line Low. The
same signal passes through an inverter to drive the gates at the inputs of
the shift register stages high, &llowing data from the storage buffer to
enter.

If the keyboard is in the RTTY mode, the ME line is high, and the a or ''1rr
output of the first control flip-flgplpin_g of TC-7 ) passes through a NA\ID

gate (part of IC-L6) to drive the RTTY LOAD line Low. This signal is returned
to the RTTY control circuit (Figure 8.5), where it sets the RTTY run flip-flop.
Ttre RTTY START line, driven high by the RTTY run flip-flop output, is combined
with the M/R bus in a NOR gate (IC-8), with the resutt that the shift register
reset bus is driven high, allowing the flip-flops to assume the states of the
incoming data f-ines .

Similarly, if the keyboard is in the Morse mode, the MORSE START signal,
supplied fro,m the Morse character generator (Figure 8.10) , goes high t*ren
the character generator is ready to accept data for a new character, releasing
the shift register reseL Lerminals.

Once the character has been loaded into the register, it is ready to be
clocked out to the RTTY Loop keying circuit or the Morse character generator,
depending on the mode selected. Clock pulses are supplied to the clock
terminaI.softheregisterstagesfromeithertheRTTYcontro1cirs@-
the RTTY SHIFT Line or fro* the Morse character generator on the MORSE SHIFT

line. In l"lorse mode, the RTTY LOAD Line is inhibited by the Low input on the
U/n bus connected to pin 2 of IC-L61 hence, the RTTY run flip-flop is not set
at the beginning of a character, and the RTTY control circuit does not produce
clock pulses. Conversely, the l"lorse cLock oscillator is inhibited during
RTTY operation, so that the only clock pulses reaching the shift register
are those from the RTTY control circuit. '

Each time a positive-going clock transition occurs, the contents of the
register shift one stage of the right. Consequently, the input data, which
arrive at the register in parallel form, appear at the register output bus
(LabeLled SHIFT REGISTER) serially. From there the character code Passes to
the Morse character generator and the RTTY encoder and loop interface. One

or the other of these circuits is activated, depending on the setting of the
mode switch, and the desired Morse or RTTY output is produced,

Ttre pattern of bits toaded into the shift register depends on the key-
board mode. Let us consider the RTTY mode first. Each RTTY character code
consi.sts of seven pulses i a start puLse (always a space), five select
pulses which define the character, and a stop pulse (aLways a mark) which is
about 50 per cent longer than the other pulses.

Ttre character code from the ROM code converter passes through the
storage buffer and appears on data lines Dg through D7. Lines Dt through D5
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def ine the chatacter. As mentioned in Sect ion 4. 5 , bit D0 is used in the
RTTY mode to signal'the case code circuit when a case chaige occurs. Hence,
it is not loaded into the shift register. Although it appears at one input
of a NAI.ID gate (pin L3 of IC-18) connected to the data input of the first
register stage, it is prevented from passing to the stage by the low Level
on the M/R bus, wtrich is tied to the other gate input. Consequently, the
gate output remains high, and the first stage is set unconditionaLly to therrlrr state to produce the start pulse (a space) .

Bits D1 through D5 are
the shift register when the
goes high.

Loaded into
BUFFER READ

the second through sixth stages of
Line is Low and the RTTY START bus

Bits D6 and D7, like the D6 bit, are used in the RTTY mode for
functions rather than as part of the character code. They are also
from lhe shift register inputs by gates (part of IC-11). The high
the M/R bus holds the gate outputs l-ow regardless of the Leve1s on
D7 Lines . As a result, stages 7 , 8, and 9 remain in the rr0rr state.
tenth stage is also left in the rr0rr state, since its daEa input is

controL
b Locked

Level on
the D6 and

The
grounded.

Once the input data have been Loaded into the register fIip-flops, the
character timing counter becomes active and clock pulses flow to the shift
register. The frequency of the O clock signal supplied to the counter is
divided by two in the first counter flip-flop, so that the shift register
is clocked at the proper baud rate for the RTTY speed chosen.

Figure 4.2 itlustrates the timing and register states for transmission
of the character rrFrr (space-mark- space-mark-mark- space-mark) . Note that the
stop puLse is the required 50 per cent longer than the other select pulses.

In the Morse mode, all eight data Lines from the Jtorage buffer are
available to carry the character code. The M/R and M/R lines are switched
to the high and 1ow states, respectively, opening the gates at the inputs
of the first, seventh and eighth register stages. 0f course, the ROI'{ code
converter is instructed to produce the Morse rather than the RTTY character
code, BS described in Section 4.5.

As soon as a new character is stored in the'buffer register, the BUFFER
FULL Line goes high. When the Morse character generator has completed trans-
mission of the preceding character, the I"IORSE START line goes low, pulling
the reset terminal of the second shift register control flip-flop Low. Con-
sequentLy, the flip-floprs a output goes high. This output, coupled to the
cLear terminal of the first control flip-f1op, allows the latter flip-flop
to t-gggle on the next positive-going Hf, clock pulser 4s shown in Figure 4.3,
The BUFFER READ tine is driven Low by the f lip- f l-op t s a output and the code
bits on lines DO through D7 enter the shift register.

Tfie bit pattern toaded into the register determines the sequence of
dots and dashes produced by the Morse character generator. A register stage
set to the rr0rr state produces a dash; set to the trltr state it produces a dot.
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Since l'lorse characters are not aLL of equal tength (that is, they do
not have the same number of dots and dashes), not all of the eight incoming
data Lines are needed to produce many of the characters. the ROI,I code
converter is progranrned to folLow the required bits for each character with
an rrendrr bit set to the rrlrr state, with all remaining bits set Low. For
example, the code supplied for the letter rrcrr (dash-dot-dash-dot) is 00011010,
Reading from right to left, the first (right-most) register stage is set to
the rr0rr state to produce the first dash. The next stage is set to the rrlrr
state to produce a dot, and so on through the first four stages. The fifth
bit" from the right is set to the tr1'r state to indicate the end of the
character. AlL remaining stages are set to tt0rr.

A signat must be provided to the l"lorse character generator to indicate
when the last of the character bits has been clocked out. For this purpose,
the inputs of a six-input NOR gate, composed of a hex inverter with its open-
cotlector outputs wired in parallel (IC-L7), are connected to the second
through seventh stages of the shift register. If any of these stages is set
to the rrtrr state, the I,IORSE END Line is held Low. Since the Last character
bit is always folLowed by a rrtil bit, the gate output will go Low initialLy
regardless of the length or bit pattern of the character code loaded into the
shift register.

As the character bits shift to the right, they are fed to the Morse
character generator. At the same time, the register stages are progressively
loaded with rr0rstr, since the data input of the Last register stage is grounded.
When the ltendrr bit reaches the first stage, aLL remaining stages are set to
rr0rr and all six inputs of the NOR gate are Low. The MORSE END Line con-
sequently goes high, signalling the end of the character. The rrendrr bit
is used by the Morse character generator to produce a space between
characters, as explained in Section 4.LZ.

In the RTTY mode, data bits are clocked out of the shift register at a
constant rate, BS all setect pulses are of the same duration, In Morse
operation, however, the dashes are three times as long as the dots. The
register clock rate therefore depends on the code pattern. Ttre clock pulse
is supplied by the Morse character generator rather than a fixed clock
osci11ator.Theoutputofthecharac@!orisinvertedandfedto
the shift register clock bus vi-a the MORSE SHIFT-line. A shift occurs at
the end of each dot or dash, shifting the data bit for the next code pulse
to the register output, frorn rrtrich it passes to the character generator.

4.9 RTTY Encoder and Loop Interface

The serial output data bits from the shift register are coupled to both
the RTTY encoder (Figure 8.7) and the I'lorse character generator. I^lith the
keyboard in the RTTY mode , the l"lorse circuit is disabled and the output b its
activate only the RTTY loop keying circuitry.

Ttre RTTY encoder accepts data inputs from three sources: the shift
register output, the case character generator, and the BREAK key circuit.
Control inputs are received from the case change flip-flop, the case insert
flip-flop, and the M/R bus.

Ttre Loop circuit is keyed by an NPN transistor, Q2, which is isolated
from ground and the power supply bus by a transformer in its base circuit.
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Durlng mark pulses, the VIII clock signal passes through a NAND gate (IC-34)
and an inverter (Ic-24) to drive the ernitter of a current source, transistor
Ql. Ihe pulses are coupled through transformer T1 to a half-wave rectlfier
circuit, the output of which drives the keylng transistor into conduction.
During spaee pulses, the VIto clock slgnal ls prevented fron reaching the
keying circult by a low leveL at pin 9 or 11 of Ic-34.

During normaL operation when a case change ls not required, the gaLe is
controlled by the output of the shlft register, which is applled to one lnput
of a NAI,ID gate (pin 9 of IC-33). WithjEhe case change circuitry inactive,
pin 11 of the gare is held high, rhe M/R bus is also higlr, holding pin 10
hlgh. The shlft reglster slgnal therefore appears inverted at the gate
outpuL. Wtlen the register output is high the gate output is low. This
slgnal, fed to pin 11 of Ic-34, cuts off the flow of VIIo clock pulses to
the keylng clrcuit and loop current is prevented from flowing, Conversely,
when the reglster output ls lotr, the gate output is high and, assuming that
the BREAK llne is 1ow (BREAK key released), clock pulses flow and the
keying transistor conducts.

Tlre BRXAK key is provided to manually interrupt the loop circuit, When
the keyswitch 1s cLosed, the BREAK line ls high. Fed to the lnput of a NAND

gate (part of IC-55), it is combined t'7ith a signal from the M/R bus, which
ts higfr when the keyboard is ln the RTTY urode. With the BREAK line high,
the gate output is forced low, preventing clock pulses from reaching the
keying ci.rcuit. The loop current ls therefore lnterrupted until the key is
released.

As descrlbed ln Sectlon 4.7, th'e RTTY control cLrcuit detects when a
change of case is necessary. In this tnstance, the shlft register is disabled
until after the case code has been transmitted. The register outPut remains
high durlng thls period. Clock pulses are controlled by the logic circuit
sholrn at Ehe left in Figure 8.7.

The case-code character Eo be transmLtted is selected by the NAI'ID

gates at the far left (parts of ICrs 28 and 33). At the beginning of the
character the INSERT CA,SE coDE 1ine, coupled to one inPut of each gate,
goes high. If the lettereshift character iB to be- sent, the LTRS CASE

bo" go.s hlgh, enabling the lower gate. The FrGS tAsE line remalns low,
disabling the upper gate, so its output remains hlgh. The C = 0v1 signal, then
appears, inverted, at the gate outpuEr as tho$n in Figure 4.4.

If, on the other hand, the flgures-shlft code is required, the FIGS
CASE line ie hlgh, enabtlng the upper Bate. The LTRS CASE llne is low,
so that the lorreI_gggg_i s closed and its outPut remains high. Both the
c = Ov1 and Ehe C = 6v7 signals are coupled to lnputs of the upper gate
with the result that these stgnals are logically added to produce the
flgures-shift character, as shoun tn Figure 4.5.

The case-change code is coupled through a NAND gate (parE of IC-25)
and an inverter to IC-33, where it is used in place of the shift register
output to controL the keying circuit.

!,lhen the keyboard is switched to the Morse mode, the ffi trt goes 1ow.
Since this signal is coupted to pin 10 of IC-33 and Pin 10 of IC-55, the
outputs of both these gates remain high. Clock pulses are thus allowed to
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flow to the keying circuit, and the RTTY toop is held in the mark state.
One section of the mode switch, S301B, also shorts across the Loop keying
contacts in the Morse mode as a means of completing the Loop circuit r^rtren
the keyboard pohTer is switched o f f .

4. 10 RTTY Timing Chain

Accurate timing pulses for RTTY operation are derived from four
crystal-controlled oscillators, one for each RTTY speed, 8s shown in
Figure 8.8. Ttre outputs of the oscillators are fed to four separate NAND
gates. Only one of the gates is enabled at any time,8s determined by the
setting of the mode switch, S301A.

Ihe gate outputs are coupled through a NOR gate, composed of four open-
colLector i-nverters (part of IC-30), to the input of a sixteen-bit
binary counter. Consequently, the clock signal appropriate to the RTTY
operating speed chosen is supplied to the counter.

Ttre first four stages of the counteq, wtrich divide the input frequency
by a factor of sixteen, dri-ve the W0 clock line. This signal, in the range
from about 375 to 610 kHz (depending on the operating speed), is used in
the RTTY loop i.nterface (Figure 8.7) to drive the isolation circuit during
mark pulses. It is also supplied to the quick brown fox generator to clear
the circuit rapidly in the Morse mode.

In the next four counter stages, the frequency is again divided by six-
teen to obtain the H0 clock signal, which toggles at 5L2 times the baud rate.
The H0 clock line synchronizes operation of the keyboard encoder (Figure 8.3)
with the buffer control and the shift register control circuits (Figures
8.4 and 8.6, respectively).

fhe H0 clock signal is again divided by the remaining eight counter
stages to produce the 0 clock signal at twice the baud re-te.--_The_reset
terminals of the last four stages are controlled by the RTTY START line,
which clears the flip-f1ops between characters and allows clock pulses to
flow only after a character has been transferred from the storage buffer to
the shift register. Ttre reset feature also Lrrrr."s that the first shift
of the register witl occur exactly one select-pulse duration after the
beginning of the start pu1se.

Table 4.L lists the frequencies of the four oscillators, 8s well as
the corresponding VIIfl, H0, and 0 clock frequencies for each RTTY speed.

Atso shown in Figure 8.8 is the circuit which drives the M/R and the
Mtr lines. In the RTTY mode, the input to an inverrer (pin g of IC-30) is
pullglhigh by resistor R21, which is connected to the *5 vott supply bus.
The M/R line is therefore high and the M/R bus is driven low. Conversely,
when the switch is moved_to the Morse position, the inverter input is
grounded, pulling the ilR bus 1ow and allowing the M/R line ro go high.
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TabLe 4.Lz RTTY Timing Chain Output Frequencies

RTTY
Operat ing

Speed (WPM\

100

.75

66

60

OsciLI-ator
Frequency

(kuzr

9730.660

7 459.988

6553.600

5957.818

vIIO
CLock Rate
_ (ku,

608. 166

466.249

409.600

372.364

38.010

29.L4L

25.600

23 .27 3

L48 ,47 8

113.830

100.000

90.909

tro 0
Clock Rate Clock Rate

(kUzf _ (Uz\

Supplied to other portions of the keyboard circuitry, these signaLs
activate the RTTY control and encoder circults in the RTTY mode, and the
l'lorse character generator and output control circuits in the Morse mode.
Tt ey also control the input to the shift register, determine the character
code produced in the R@I code converter, and inhibit the operation of the
quick brown fox generator in the Morse mode

ALthough the output of the RTTY timing chain is not used to clock the
shi f t register in the l"lorse mode , W0 and H0 clock pulses are s till- needed
in the keyencoder, buffer control, and RTTY loop interface circuits. The
M/R bus is therefore connected through diode D8 to pin 8 of IC-35. With
the mode switch set to the Morse position, the gate input is pulled 1ow,
allowing the 60 WPM oscillator to drive the timing chain. As a resul-t ,
the required clock signals are produced.

Another inverter, part of IC-30,
from the BREAK keyswitch. The output
interrupt the toop current and in the
stage when the BREAK key is pressed.

is used to invert the BR.EAK signal
is used in the RTTY encoder to
Morse output control to key the output

4.LL RTfi Character Counter

I.Ihen the keyboard is in the RTIY mode, a character counter keeps track
of the number of characters transmitted and warns the operator when the end
of a line is approached. Ttre counter is reset each time a carriage return
is transmitted, and is instructed not to count non-printing characters, Wlren
64 printing characters have been produced since the most recent carriage
return, the counter output Lights an indicator Lamp and triggers the sidetone
oscillator to produce an audibLe warning.

The counter, shown in Figure 8.9, consists of six flip-fLops arranged
as an ordinary binary counter, and a control circuit. The clock signal
is supplied from the RTTY control and decoding circuit (Figure 8.5) via the
RTTY LOAD 1ine. Each time a character is loaded into the shift register,
the counter increments, provided that the D7 data line from the ROM code
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converter is low. As discussed in Seetion 4.5, the D7 line is low for all
printing characters, buL is high for non-printing ones. The D7 signal is
applied to the J and K inputs of the flip-flop, which toggles only when
boEh input terminals are high.

fhe { line is high only for the carriage return character. Wfren this
character is loaded into the register, both the D6 line and the RTTY LOAD

bus are high. These signals, applied to the inputs of a NAND gate (part of
TC-25.), drive the gate output low, resetting all stages of the counter.

After 32 input pulses, the counter output goes highl after the 64Eh
pulse it goes low again. The counter output is fed to the clock input of
another flip-f1op (part of TC-23). I,Jhen the counter completes its cycle,
the flip-flop toggles, driving the base of a PNP transistor, Q3, low. Since
the emitter of the transistor is biased to +5 vo1ts, the transistor conducts
and the end-of-1ine warning lamp lights. The flip-floprs reset terminal is
connected to the output of Ehe gate which drives the counEer reset bus, so
that the warning_lamp is extinguished when a carriage reLurn is transmitEed.
The fI-ip-ftop's a output is also coupled to the trigger terminal- of a

monostable multivibrator (IC-13), The negative-going transition at the end
of the 64ttr count cause_g_thg nonostable to toggle to the set state for a

short period. The RTTY TONE line is driven 1ow, activating the sidetone
oscillator (Figure 8.11) during the monostable period.

4,LZ Morse Character Generator

The function of the Morse character generator, shown in Figure 8.10,
is to convert the sequentiaL output bits from the shift register to a series
of short and long pulses corresponding to the dots and dashes of Morse code.

The cycle of operation is initiated when a characger is transferred to
the shift register from the storage buffer. The MORSE END line, driven
through an inverter from the shift register end-of-character sensing
circuit, goes high, setting the osciLlator control flip-f1op. The a output
of the flip-flop (pir 5 of IC-15) goes high, driving the I'IORSE START line
high and enabling a NAND gate which controls* Ehe Morse oscillator.

Ttre oscillator, consisting of the NAI{D gate (part of IC-14) and two
inverEers, determines the Morse transmission rate. The oscillaLor frequency
is controlled by the front-panel Morse speed control, P301. The oscillator
output is coupled to the input of a three-bit counter (IC-26); its inverted
output is fed to the input of the dot flip-flop (pit 5 of TC-23). The
counter states are decoded by a 4-1ine-to-10-1ine decoder (IC-31) to produce
sequential pulses on its output 1ines, 4s shown in Figure 4,6 (for clarity,
only the first four output lines are shown).

The 6'output of IC-31 is connected through an inverter to the J input
of the dot flip-flop. The output from one of the remaining lines is selected
by the weight control- (5302), inverted, and fed to the K input. When the
counter is in the tr0rr state, the dot fLip-floprs J input is therefore high
and its K input is low.
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0n the first negative-going clock
assumes the state of its J and K inputs
state, 8s shown in Figure 4,7. Ttre DOT
of the dash ftip-ftop (pi, 11 of TC-22)

transition, the dot flip-flop
; that is, it toggles to the rrlrr
line, connected to the toggle input
goes high.

Assuming for the moment that 5302 is set_for normal weight, the K input
of the ftip-flop is driven by decoder output 4 (pi, 5). During the next
three clock pulses, the flip-fIop does not change states because its J_-
and K inputs are held Low. After clock pulse 3, however, the decoder 4
output goes low, driving the flip-flopts K input high. On the next negative-
going clock transition, the flip-flop changes back to its originaL state,
pulling the DOT line low. The ftip-f1-op does not revert to the set condition
until the counter has completed its cycle and a new bit has been supplied by
the shift register. The dot putse is therefore followed by a space.

Because it is possible to select wtrich decoder input is used to reset
the dot flip-flop, the duty cycle of the output may be varied. The
duration of the dot as compared to that of the following space may be set
for any ratio from L:7 to 3:1. Four of the six possible weight ratios are
selectable by the weight switch, 8s determined by the position of the jumpers
on the circuit board.

The 7 output of the decoder is fed back to the cLock input of the
oscillator control ftip-flop. When the counter has received seven clock
pulses, the 7 line goes low. 0n the eighth clock pulse, it returns to the
high state. Tlris positive transition will cause the oscillator control
flip-flop to reset if the end of the character has been reached, stopping
the oscillator. If not, the low level on the MORSE END line hotds the
flip-floprs preset terminal low, the flip-ftop remains set, and the \r/
oscillator continues to run to produce the next dot or dash. The trOrr out-
put of the dot flip-flop is coupled through a NAND gate to rhe MORSE CHARACTER
line, r'rhich carries the signal to the Morse output control circuit. It is
ultimatety used to activate the transmitter keying transistor.

If the shift register output is high during the operation just described,
the ctear input to the dash flip-flop (pin 13 of fC-22) is hetd Low, pre-
venting any change of state. If, on the other hand, the character to be
produced is a dash, the shift register output is 1ew, and the dash flip-flop
is free to toggLe when the DOT tine goes high, 4s shown in Figure 4.8. The
dash flip-ftop then divides the dot line frequency by two. The DASH line
and the DOT line are supplied to two inputs of a NAND gare (pins 4 and 5 of
IC-18)' During the production of dots, the DA,SH line is held high, and the
output of the dot flip-flop is coupted through the gate to the Morse character
bus. For dashes, both flip-flops are active, and the two output lines are
Logica11y added in the gate, 4s shown in trace g of Figure 4,8.

At the end of each complete l,lorse character, it is necessary to include
a space equal in length to three dots. After alL character bits have been
cLocked from the shift register to the Morse generator, the MSRSE END tine
goes high and thus can no longer hold the oscitlator control flip-flop in
the set state. However, recall that an extra rrlrr bit (the end bit) i; loaded
into the shift register in the position inrnediately following the last
character bit. TLre SHIFT REGISTER bus is fed to one input of the NOR gate
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Figure 4.8 Production of Doshes by the Morse Chorocter
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which drives the control flip-flop preset terminal. The clock therefore
continues to run for eight additional oscillator pulses, 8s shown in
Figure 4.9 , producing an extra doE. This dot is passed to a NAND ga.!g_E
the Morse output control- circuit, where it is conrbined with the MORSE END
signal-. Since the latter line goes low at the end of the character bits
the extra dot does not pass to the gate output and is not transmitted.

The MORSE CHARACTER output is inverted in a NOR gate (part of IC-8)
to produce the I"I0RSE SHIFT signal. Fed back to the shif t register, it
causes the register to shift at the end of each dot or dash, providing the
bit for the next Morse pulse to the input of the character generator. The
waveform drawing included in Figure 8. 10 shows the key signals for
generation of the Letter K (dash-dot-dash).

4.L3 Morse Output Control-

The Morse output control, shown in Figure 8.11, accepts inputs from
the Morse character generator, the BREAK key, and the RTTY character counter.
It controls both the transmitter keying transistor and the sidetone
oscillator.

The MORSE CHARACTER line and the MORSE END line are applied to the
inputs of a NAI.ID gate (pins 9 and 10 of IC-18). During the production of
character pulses, the MORSE END line remains high and the pulses from the
I"IORSE CIIARACTER ligg_Upear inverted at the gate output. As explained in
Section 4.L2, the MORSE END line goes low during the production of the dot
lrhich follows each character, resulting in an intercharacter space.

Ttre M/R bus
NAND gate (pins
I"lorse mode, the

the outputs
gate (pins L and
goes high. With
the gate output.
high regardless

and the BREAK line are applied to the two inputs of another
L2 and L3 of IC-55). Since the M/R bus is always high in the
output of the gate is low whenever the BREAK key is pressed.

of the two gates are applied to the inputs of a third NAND

2 of IC-L8). If either of the inputs is low, the output
the BREAK line low, the Ivlorse character pulses appear at
Wtren the BREAK key is p_res sed , the gate output remains

of the incoming character pulses.

The output of the third gate drives the emitter of Q6, a constant
current source, which in turn drives the transmitter keying transistor, Q5.
Wren the gate output is high, the keying transistor conducts. The transistor
output may be connected for either cathode or grid-block keying, depending
on which of the two output jacks is used. For cathode keying, the cathode
Lead from the transmitter is connected to the collector of Q5. The emitter
is grounded through the grid-block jack. I,lhen the transistor is driven
into conduction, cathode current f1ows.

If the grid-block keying method is used, the transmittert s grid biasing
circuit is connected to the emitter keying transistor. The cotlector is
grounded through the cathode jack. Wtren the Eransistor conducts, it shorts
the bias source to ground.
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A diode and capacitor are connected across the keying transi-stor to
protect it from surges and the appl-ication of reverse voltages.

The input signals atso drive the sidetone oscillator through aE
inverter (part of IC-24) and a NAND gate (pins 1-3 of IC-55) . The RTTY TONE
bus, which originates in the RTTY character counter circuit (nigure 8.9),
is aLso applied to the g.!e-_lnpgg. If either the I"IORSE CHARACTER or BRIAK
Line is high, or if the RTTY TONE line is low, the gate output goes high.
This "signal is coupled to the input of another NAND gate (pin 4 of IC-55)
t'ftich forms part of the sidetone oscilLator. Wtren the gate lnput is high,
the oscillator is enabled.

The oscillator consists of the control gate, two inverters, and an RC

network which determines the operating frequency. Variable resistor P1
permits adjustment of the frequency. The output of the oscillator (pin 10
of TC-24) drives the base of a current amplifier transistor, Q4. The output
signal is devetoped across the collector load resistor, P302, lrhich controls
the Leve1 fed to the speaker and, through an isol-ating capacitor, to the
audio output jack.

4.L4 Quick Brown Fox Generator and ID Control

The purpose of the quick brown fox (QBF) generator is to produce the
standard RTTY test message (The quick brown fox jumps over the Lazy dogrs
back 0L23456789) with a single keystroke. The circuit, shown in Figure
8.12, also includes logic to control the operation of the identifier and
the three-character sequencers, to be described in later sections.

The QBF test message charaeters are stored in two sections of the ROI,I
code converter, each containing 32 addresses. The remaining six sections
of the ROM store the RTTY and Morse codes for each ASCII character supplied
by the keyboard encoder. When the QBF generator is active, the keyboard
is disab led and the addres s input o f the ROM ( data t ines A0 through h) i s
driven by the QBF generator instead.

The generatort s eharacter sequence is cbntrolLed by a six-bit counter.
The output of the five least significant stages are coupled through diodes
to data lines AO through A4. Lines A5 and 46, used in normal RTTY operation
to signaL control functions, are driven Low for the entire time the generator
is active. The A7 l-ine, which normally selects the Morse or the RTTY portion
of the ROM, is coinected to the most significant counter stage. l,Ihen the
generator has been activated, the counter increments through its 64 states.
During the first 32 states, the storage locations in the first of the two
ROM QBF sections are addressed sequentially by the counter output, producing
the first half of the test message. 0n the 32nd input pulse, the A7 line
changes state and seLects the second of the two QBF sections. TLre irext 32
characters then appear at the ROM output as the counter increments.

__The generator cycle is initiated when the QBF key is pressed, pulling
the QUICK BROI^IN FOX START line 1ow. If the mode switch is set for RTTY
operation, the M/R tine is low a1so. Both signals are coupled to the input
of a NOR gate (pins 2 and 3 of IC-54). With the key pressed, both inputs are
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low and the output, coupled to a gate at the clear terminals of the first
four counter stages, goes high. The other gate input is connected to the
ID ACTIVE line. If either the identifier or one of the three-character
sequencers is active, the line is low, preventing the QBF counters from
resetting. If, on the other hand, the ID ACTM line is high, the QBF counter
reset terminats are aLlowed to go hlgh and the counter is reset. Note that
the clear terminals of the two most significant stages are driven by a
separate NAI.ID gate (pins 3, 4, and 5 of IC-52). Ttrese stages reset when their
clear terminals are driven Iow.

Ttre a output of each counter stage is coupled to an input of a NAND

gate (IC-51). When the counter has cycled through alL of its 64 states,
aL1 inputs to the gate are high and its output is low. Ttre circuit remains
in this state untiL the next time the test sequence is initiated. As soon
as the QBF key closes, the counter resets, and the output of IC-51 goes high.
This signal is coupled throrreh another NAI',ID gate whose output (pin 8 of IC-52)
is combined with the IIERE IS ACTIVE line and the inverted THREE LETTER GROUP

ACTI\E line in a four- input NAI.ID gate.

Ttre output of the latter gate (pir 6 of IC-44) drives the ENABLE KEYBOARD
f.ine. If anv of the automatic character string generators is active, the
ENABLE KEYBOARD line goes high. Fed back to the buffer control circuit, this
signal prevents the keyboard encoder from producing character codes until the
character string has been completed.

I{tren the counters have been reset bv closure of the QBF key and the
ENABLE KEYBOARD line has gone high, the ID ACTIVE Llne is driven low. Since
the latter signal is coupled to the NAI,ID gate at the counter clear terminals,
lts transition removes the clear cormand produced by the QBf key closure and
the counter is free to toggle as pulses reach its input stage.

Clog!._-81-gCg are supplied to the cou1llgI_lbn the buffer control circuit
via the RESI E ID 1lne, vhich drives the READY ID line through a N4Np_ggte.
Ihe Eate 1s lnhlbtted during normal keyboard operation, since the ENA3LE
KEYBOARD line stays 1ow, When any of the autornatlc sequencers ls actlve,
however, the gate opens and pulses are aLlowed to flow to the counter.

The lnput pulses are derlved from ttd buffes control clrcult becauae
the ldentlfler must be instrucced to produce each successive output code
only vhen the buffer ls ready to receive it. Characters are loaded from the
ROII code converter into the buffer wtren the LoAD BUtr'FER llne goes high
momentarlly. As sholrn in Ftgure 4.10, the RESITME ID line goes low for two
H0 clock pulses shortly after the character has been Loaded. this signal is
lnverted to produce the READY ID s1gna1, which clocks the QBF counter. The
counter Lncrementa, providing a ne!, character at the storage buffer lnput.
After the precedtng character has been transmitted, the LOAD BUFFER ltne goes
higfu again, and the new chsracter enters the buffer. Ihe process continues
unttl the test message ls completed.

Wtren the counter has received 63 such pulses, all cougggl@gggq
are higlr. The output of gate IC-51 goes Low, drivlng the ENABLE KEYBoARD
1lne hlglr and prevenEi-ng further clock pulses fron reaching the counter.
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Ttre cycte of operation is then complete, and, unless the QBF key is hetd
down, the keyboard is restored to normal operation.

Since the ROI"I is coded to produce only RTTY codes for the QBF message,
the output is incomprehensibte when the keyboard is in the Morse code. Ttre
input from the QUICK BROI,IN FOX START line is disabled in that case by a high
level on the M/R line applied to pin 3 of IC-54. The counters cannot be reset
and the circuit remains inactive.

It is not possible, however, to predict the states the counter stages
will assume when the power is first switched on; the circuit may start in
the active state. To clear the counter quickly in the Morse mode, the VIIfl
clock signal is supplied to a NAND gate (pin 1 of TC-52), If the QBF
circuit is active, indicated by a high level on pin 13 of the gate, and Lf
the keyboard is in the Morse mode, indicated by a high 1evel on the I"I/R line
pin 2, the VHfl clock signal is applied to the counter input, so thaE the
counter very rapidly increments until it reaches its 64th state. It then
becomes inactive and normal Inlorse operation can begin.

4.L5 Identif ier

The circuit which automaticatly transmits the station identification
message operates on a principle quite similar to that of the QBF generator.
The character codes, however, are not stored in the ROM code converter,
Instead, a diode matrix read-only memory is used so that the message may
be altered if desired by simply repositioning the diodes in the memory
mat.rix. Ihe matrix output produces the ASCII code for the message
characters. These codes are supplied to the ROI"I code converter on data
lines A0 through 46 in place of those normally produced by the keyboard en-
coder. The circuit is shown in Figure 8.13.

The identification sequencer uses a four-bit counter, the output states
of which are decoded by ICrs 40 and 42. As the counter increments, the
decoder output lines go low in sequence. Each line represents one character
in the stored message.

Diodes are connected from each line ;, the'Ag through 46 data lines in
those positions required to produce the ASCII code for the character. 'When

the decoder line goes low, those A lines to which diodes are connected go

1ow also. Wtren the converted character code has entered the storage buffer,
the counter increments, the next decoder line goes .1ow, and the code for the
next message character appears on the data lines ready to be loaded into the
buffer. For reference, a complete listing of the ASCII codes used is given
in Table 4.2 in Section 4.18.

To initrate Ehe identification cyc1e, the IIERE IS keyswitch is closed,
pulling the IIERE IS START line low. Ttre signal is inverted and fed to a
gate_s!_lhe counter reseE input. The other input to the gate is driven by
the ID ACTIVE line. If the QBF generator or either of the three-character
sequencers is active, the line is low and the identifier counters cannot be
reset. If not, the counter resets as soon as the key is pressed and the
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HERE IS ACTIVE line goes low. As a result, the ID ACTI\IE signaL, fed back
from the ID control circuitry, also goes 1ow, removing the reset signal from
the counter, so that it may beginits count sequence. Clock pulses are
supplied to the counter from the READY ID 1ine, which goes high for two H0
cl-ock pulses whenever the storage buffer is ready to accept a new character,
just as in the QBF generator.

To indicate the end of the message, a jumper is connected from the decoder
outpu.t which follows the last line used for the message codes (the 3 output
of IC-40 in the example shown in Figure 8. 13) . trlhen all characters in the
message have been produced, this last line goes Low, driving the HERE IS ACTIVE
line high and closing the NOR gate at the counter input. The flow of clock
pulses then stops. Ttre counter remains inactive until the HERE IS key is
pressed again. If the key is held down, the message repeats inrnediately.

4.L6 Three-Character Sequencers

Two three-character sequencer
automaticalLy produce a string of
closure. One, activated by the CQ

followed by a space. The other is
desired message.

circuits are provided, each of which can
three characters at a single keyswitch
k"y, is coded to produce the letters CQ

programmed at the userrs option for any

Ttre circuit, shown in Figure 8.14, is essentially a simpler version of
the identifier. Each sequencer contains a two-bit counter wired to stop
counting after the third input pulse. The counter outputs are decoded by
NAND gates to drive the X tines of a diode matrix. Diodes are positioned
between the decoder output lines and the ASCII data lines to produce the
required character codes.

The operating cycle for the CQ generator is initiated by closure of the
CQ keyswitch. The AUX key controls the other sequencer. trltren either counter
has been reset, the THREE LETTER GROUP ACTIVE line, driven from the counter
outputs, goes high. Fed to the ID control circuit, this signal prevents the
other automatic character sequencers from being activated, and aLLows clock
putses to appear on tn. fuapY fO Iine. Wtren'the active counter reaches its
fourth state, the THREE LETTER GROUP ACTI\IE line g6es 1ow, and the flow of
clock pulses ceases. If the keyswitch is held closed, the counter resets
again and the cycLe repeats. If noE, the sequencer becomes inacti.ve.

4.L7 Power Supplv

DC power for the keyboard is provided by two regulated supplies, shown
in Figure 8.15. Ttre majority of the logic circuits operate from the *5 volt
supply. The output of a fult-wave rectifier is regulated by a pair of
transistors, Q201 and Q202, connected in series with the toad. The output
voltage is controlted by an active feedback circuit composed of transistors
Q203 and Q204. Ttre output vottage is adjusted by means of potentiometer
P201.
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The ROM code converter and keyboard encoder IC t s require a source
of -LZ volts DC. this voltage is supplied by a separate transformer and
a vo1-tage-doubling rectifier circuit. It is regulated by a series-pass
transistor, Q205, which derives its base bias from a zetter diode, D203.
The output voltage is therefore not adjustable.

The transformer primaries may be wired for either nominal 115 or 230
volt AC inputs. Both power supplies are protected by a fuse, F301, in the
primary circuit.

4.L8 Character Codes

The tables on the following pages List the various character codes used
in the DIG-20L0 keyboard.

TabLe 4.2 tabulates that portion of the ASCII character set produced
by the keyencoder circuit. Only those ASCII characters which correspond
to Mititary Standard Baudot characters are used. The codes, whi-ch appear
at the keyencoder output on data Lines fo through AG, are listed in the
tabLe opposite the characters they repre5ent. The AG bit is tisted first,
followed by the other bits in descending order, with the bit for f-ine AO at
the right. Note that the keyencoder output logic is negative true; thaE is,
a ttlrr represents a low Level (Less than 0.8 volt), and a rr0rr represents a
high leve1 (from 2.4 to 5.0 votts).

As discussed in Section 4.5, the ASCII code is converted by a ROM to
a different bit pattern before being loaded into the shift register. The
ROI'{ output, which appears on lines D0 through D7, is listed in Table 4,3
along with the character each code represents and with the corresponding
ASCII input code. The ROM produces different outputs for Morse and RTTY
modes, depending on the state of the A7 input bit. Both output codes are
listed for each character, Since some of the characters are not available
in the Morse mode, the output bits for such characters consist entirely of
rr0rsrr. The bits are listed in descending order, with the D7 bit at the left.
As in the A^SCII code listing, the logic is negative true.

Tabte 4.4 lists the Military Standard Baudot'code produced by the key-
board in the RTTY mode. The code for each RTTY character is made up of
seven bits--a start putse, five character-defining select pulses, and a
stop pulse. Since the start bit is always a space and the stop bit is
always a mark, they are not shown in the table; onty the five select pulses
are listed. Note that the same code may be used to produce two different
characters, depending on the case to which the receiving teleprinter is
set--letters or figures.

In Table 4.5 the keyboard output codes for each of the Morse characters
is Listed. In comparing these codes to the ROM code converter output bits,
recatl that the ROM is prograrmned to inctude an extra dot bit at the end of
each character for generation of the intercharacter space.
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Unshifted Shifted
KEY A6-Ao A6 -Ao

A
B

C

D

E

100 0001
100 0010
100 0011
100 0100
100 0101

100 0001
100 0010
100 0011
100 0100
100 0101

F
G

H

I
J

100 0110
100 0111
100 1000
100 1001
100 1010

100 0110
100 0111
100 1000
100 1001
100 1010

K
L
M

N

0

100 1011
100 1100
100 1101
100 1110
100 1111

101 1011
101 1100
101 1101
101 1110
101 1111

P

a
R

S

T

101 0000
101 0001
101 0010
101 0011
101 0100

100 0000
101 0001
101 0010
101 0011
101 0100

U

v
w
x
Y
Z

101 0101
101 0110
101 0111
101 1000
101 1001
101 1010

101 0101
101 0110
101 0111
101 1000
101 1001
101 1010

6 011 0000 011 0000

:
1

011 0001 010 0001

il

2 011 0010 010 0010

#
3

011 0011 010 0011

$
4 011 0100 010 0100

5 011 0101 010 0101

&
6

011 0110 010 0110

Table 4.2: Ascrr character codes used in the DKB-2010.

A11 logic states shown are negative true;
rr0rr = *2.4 to +5.0 volts. ,1rr = 0.0 to +0.8 volts
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Unshifted Shifted
KEY A6 -Ao 46 -Ao

I

7
011 0111 010 0111

(
8

011 1000 010 1000

)
9

011 1001 010 1001

SK 011 1010 010 1010

AS 010 1101 011 1101

Kt{
RETURN

000 1101 000 1101

AR
LF

000 1010 000 1010

BT

t
011 1011 010 1011

BLANK 000 1011 000 1011

?

/ 010 1111 011 1111

S PACE 010 0000 010 0000

FIGS 010 1110 011 1110

LTRS

,
010 1100 011 1100

QBF I

HERE IS I

BRK I

CQI
Arrx 

I

:kThese ke
produce

Control function:k

Control function*

Control functionJs

Control function:k

Control function,r

ys do not directly
ASCII codes.
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Blt Number Case
54321 Letters Fieures

00000
00001
00010
00011

00100
00101
00110
00111

01000
01001
01010
01011

01100
01101
0L110
01111
10000
10001
10010
10011

10100
10101
10110
10111

11000
1100L
11010
11011

11100
11101
11110
11111

BLANK
E

LF
A

SPACE

S

I
U

CR

D

R

J

N

F
C

K

T
Z

L
I^I

H
Y
P

a

0
B

G

FIGS

M

x
V

LTR,S

CR

$
4
I

BLANK
3

v
S PACE

BELL
8
7

,
!

(

5
ll

)
2

#
6

0
l_

l:l

Table 4.4: RTTY Baudot Codes (Mllitary Standard)

Notes:

1 = rnark
0 = space

LF denotes line feed
CR denotes carriage return

The order of transmission is
bit 1 to bit 5. A start bit
(logical 'r0rr) precedes bit 1

and 1 to 2 stop bits (logical
rrlrr) folLow bit 5.

Figures case H is the STOP

character in Military Stand-
ard Baudot Code. The tl char-
acter is used by the IIAL
Visual Display System to in-
dicate the STOP code.
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Table 4.5: Morse Codes

Character Code Character Code

0

1

2

3

4

5

6

7

8

9

il

aaa.

aaaaa

aaaa

aa

a

aaa

aaaa

a

aaa

a

aaa

a

aa

aa

aa

aaa

a

aa

aa

aa

aaaa

aaaa

aaaa

aaa

aaa

(

)

;

t

r

?

AS

SK

BT

AR

KN

..ERROR........
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V. ASSEI"IBLY INSTRUCTIONS

The DKB-2010 is no longer available in kit form. Chapter V has been
deleted from this manual with the exception of Section 5.13 which covers
coding of the identifier.
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5.13 Codi.ns the Identlfier

In addltlon to the regular letter and number keys, the keyboard provldes
three autonatlc sequence keys. Each of these keys can be precoded rvlth a
series of characters rrhlch are automatlcally transmitted rrhen the key is
depressed. Tvo of the keys, the CQ and AI,x keys, can each store a three-
character Bequence. In most appllcations, the CQ key is coded to transmit the
letters C and Q plus a space. The AUX key ls often coded to transmit the
letters D and X followed by a space. Note that codlng a space character after
the "trro letters ensurea that proper spactng is preserved then the sequence is
transnltted repeatedly by ho).dlng the key dern. 0f course, either of these keys
can be programmed for any other gequence of up to three characters. A popular
use of the AIIX key for RTrY operatlon ls to generate the sequence 'rcarriage
Return (CR) - Llne Feed (LF) - Letters.'r Horrever, the AUX key is rhen not
useful ln Morse mode sLnce the Morse sequence would be ,'KN - AR - error (8 dots).',
Factory rrlred DKB keyboards are coded for rrl) - X - space" unless othenrise
epeclfled.

The thlrd autonatLc key, deslgnated HERE IS, can autooatically produce a
sequence of up to 15 characters. Ir{os t u8ers prefer to precode lt wlth a station
ldentlflcatlon neasage: the letters D and E, foLlowed by a 6pace and the
statl.on call 1etter6.

The autornatlc sequence keys are precoded by inserting diodes at the proper
locatlon ln the diode matrlx on the logic circuit board. The diodes are
positloned to represent the ASCII code for each character in the sequence.

An enlarged view of the matrix is shown in Figure 5.13. Each horizontal
path represents one character in the precoded sequence. The first three lineB*
are used for the three characters produced by the CQ key; the next three are
for the AUX key. The remaining 15 are for the characters of the HERE IS key
sequence.

To determlne the posltions at which dlodes should be installed it is
necessary to refer to the ASCII code chart (Table 4,2) at the end of Section 4
of this manual. The ASCII code for each character is represented there by a
serles of ones and zeros. 

-

Before starting to code the rnatrix, wrlte aoi^rn on a piece of scratch paper
the exact message you would like to store for each of the three keys. Be sure
to lnclude a mark to indlcate where you wish spaces to occur.

Next, enter your message ln the left colurnn of the following chart, under
the headlng "Characterrrr startlng at the top. Note that the first three spaces
are for the CQ k.y, the next three are for the AIIX k"y, and the remaining
spaces are for the IIERE IS key.

Once you have llsted the characters, refer to Table 4.2 to obtain the
ASCII code for each character. Note that in the table the code is given for
blts 46 through Ag from Left to right. In the identifier coding chart,
however, the blts are listed in the reverse order, A0 through A5. When you
have obtained the ASCII code pattern (the sequence of ones and Zeros) for a
glven character from Tab1e 4.2, reverse the order and record them opposite
that character ln the coding chart.
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Character

Table 5.1 Coding Chart for Identifier
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cQ
key

AUX
key

HERE
IS

key

Character A0 At AZ Al A+ AS Ae

Table 5.1 Coding Chart for Identifier
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CQ

key

C >< >< 0 0 0 0 ><
0 >< 0 0 0 >< 0 ><

SPACE 0 0 0 0 0 >< 0

As an example, let us assume that the
three characters C, Q, and a space. Here

Character A0 At

Ca key is to be coded with the
is how we would fill in the chart:

Az Ag A+ A5 Ao

From Table 4.2, we see that
Reversing the orderr w€ have 1100
coding chart. The code for a is
which we enter opposite the a in
we reverse and enter opposite the

Therefore, it is important to select
If you want the identifier to produce the
half of the keytop, use the code from the
character appearing on the top half of the
rf shif te dtt column.

the code for the first character, C, is 100 0011.
001, which we enter in the first line of the

101 0001. Reversing the order, we have 1000 101,
the chart. The space code is 010 0000, which

IISPACETT row in the chart.

Note that in Table 4.2, there are two code colunurs for each character--a
shifted and an unshifted one. For the letter keys, these two codes are the
same. For some keys, however, the shifted code is different, and it produces
a different character from the unshifted one. For example, the rrlrr key produces
an exclamation point if it is struck when one of the shift keys is held down.
Similarly, the tt?tt key produces quotation marks if the shift key is used.

the code from the correct colunn.
character which appears on the lower
rrunshiftedtr column. If you want the
keytop, use the code from the

Now go through the table and place a large X in each square which contains
a one, as shown in the sample chart. These Xrs will correspond to the position
of the dlodes in the matrix on the logic board. T\nro copies of Table 5.1 are
included so that a different coding can be set up in the future.

L77. Check to make sure that the AC power cord has been disconnected
from the outlet. Then remove the logic circuit board from the
bottom cover and position it on }lour work surface with the component
side up and the connector strip nearest you, The diode matrix
will now be at the left edge of the board and will be positioned
as indicated by Figure 5.L4.

L78. The figure shows how the diodes should be positioned for the
CQ key. Note that the diodes are inserted into the board from
the component side. Referring to the table you have prepared,
install diodes in the matrix at the appropriate positions. The
diodes should be stood on end, with the cathode end (the end to
which the colored bands are closest) furtheest from the surface
of the board. Be sure that the diode body is over the row of
holes not connected by a conductor strip, 4s shown in Figure 5.L4.
Solder the diode leads on the reverse side of the board and cut off
excess leads.
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L79. Locate the jumper'wlre which was instalLed during initial assembly
from a hole at the right edge of IC-40 to one of the ror.rs in the
diode matrix. Di.sconnect the matrix end of the wire from the
circuit board. Note that a row of hol-es is provided along the
right edge of the matrix, 1abe11ed with numbers 1 through 16 in
Figure 5.L4. Count the number of ro\^rs you have used for the
IIERE IS (identifler) message, lncluding any blanks or spaces.
Add one to that number to obtain the number of the hole to which
the jumper should be connected. Then insert the free end of the

" jumper wire in the hole and solder. As a double check, the jumper
shoutd be attached to a hole which is connected by a printed
conductor to the ror^7 of diode holes immediately following the
last ro\^r of dlodes you inserted in the identifier portion of the
matrix.

180. Reinstall the loglc board on the bottom cover panel and secure' it in place with four 6-32 kep nuts. Be sure to put nylon washers
on the screr^rs at holes A and C as described in step L7L.
Reconnect the AC power cord and switch the keyboard on, being
careful not to touch exposed wiring. Wait a minute for the
sequencers to ctear themselves. Check that the keyboard is stil1
set to the Morse mode. Then press the CQ key and check that the
proper character sequence is transmitted. Do the same for the
AIIX and HERE IS keys, If the message sequence is executed
correctly, disconnect the AC cord. If not, recheck the position
and installation of all diodes. If correct, refer to the trouble-
shooting section of this manual.

181. Install the bottom cover to the keyboard cabinet, being careful
to tuck in the wiring harness so that it is not pinched. Note
that the front edge of the cover fits inside the lip of the
cabinet. The rear lip of the cover should be on the outside
of the rear panel. Check again that the wiring harness is
not pinched between the cover and the cabinet; then fasten
the cover in pLace with four 6-32 X 5lL6" screws, one at the
front lip and three at the rear.

Assembl-y of the keyboard is now complele. To prevent possible damage
to the keyboard circuitry, be sure to read the installation instructions in
Sectlon 2 of this manual before attempting to hook up and use your keyboard.
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c

o

SPACE

D

X

SPACE

D

E

SPACE

w

B

9

x

Y

z

/
9

t

"cet'

"AUx"

,,HERE 
IS,.

Ao At A2 A3 A4 A5 A6

Figure 5.L4 Diode placement in Identifier Matrix.
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VI. },IAINTENANCE

When properly assembled and instaLLed, your DKB-2010 keyboard shouLd
provide years of troubLe-free service. No routine maintenance or adjustment
is required. As with any electroni.c device, lndividuaL components ruly faiL as
a resuLt of aging. The tips presented in this section will help isolate the
source of such difficulties should they occur.

The logic circuitry used in the keyboard is comparatively complex. The
servicing suggestions presented here, however, are limited to basic checks
that can be made with fairLy commonpLace test instruments. Unless the reader
is famiLiar with integrated digital logic circuits and systems, it is
recommended that the more complicated service problems be referred to the
factory.

Service Procedures

The DKB-2010 is constructed with high quality materials throughout. The
G-10 epo>!y-glass circuit boards are used in preference to less costly materials
because of their durability. Nonetheless, a reasonable amount of care should
be exerci.sed when removing and installing components, It is particularly
important that the connections not be overheated with the soldering iron, 8s
excessive heat may cause the printed conductors to separate from the ePoxy-
glass substrate. Refer to Section 5,3 for more detailed soldering instructions.

Component removal- requires particular carer Bs it is often necessary to
heat more than one pin at a time to unsolder the component. In some cases,
it nay be safer to break the component and remove the pins from the board one
at a time. If this method is not practicaL, 8s in the case when the component
is expensive or a replacement is not readily available, several other techniques
ruly be used. Specially shaped soldering iron tips are avallable which allow
heating aLI pins of a component, such as a L4-pin DIP integrated circuit,
simuLtaneous Ly.

Solder wicking--essentialLy very fine cdpper braid--can be used to absorb
solder from the pins once the solder has been meltdd with a small iron. Touch
the end of the wicking to the pin; it will draw up the excess solder by
capillary acti.on, leaving the pin free.

The solder may also be removed by any of a variety of suction devices
marketed for that purpose. Alt are equipped with a rubber bulb and a tube with
a solder- and heat-resistant tip. The connection is first heated with a
soldering iron. The air is expelled from the suction device by squeezing the
bulb. The tip is then placed on the connection and the bulb is released.
The molten solder is carried up into the tube with the inrush of air.
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Troubleshooting

ftvo of the most common problems encountered with equipment constructed
from kits are solder bridges between adjacent IC pins and defects in etching
resulting in shorts between adjacent conductors. In many cases, visually
lnspecting the boards for such problems can save a great deaL of trouble-
shooting time. A1so, it vriIl pay to recheck the orientation of alL integrated
circuits and diodes, ds it is very easy to make a mistake during assembly.

The experienced owner will find the detailed discussion of the keyboard
clrcuitry in Section IV, rfTheory of Operatiorr" a helpful guide to circuit
performance. The waveform drawings accompanying the test should be
particularly useful for comparison to those waveforms observed in the unit
under test. In the following paragraphs, typical difficulties are listed,
foLtowed by possible causes and recommended test procedures.

.t -!l.l.rl,iL.ll--r,-!,-l,J-.r-.l.J.rL-l.J--L.r..L-l-&.L-l-.L-!.&.L-1..r.-!.J-.r-.L-t J-.1-.1-.L.1^l,.LrL.L&-t-&-r-J-J--L.L-LJ-J-J-&-L.L.L&.r-A^^^rtrt^6 rl ,irl ,l^ra7ari7t7f7S7i7S7i7S67SZS?i7i7S7t7i7\7i-67a6riri^Ai{7i7SZS75ZS7\-7S7(:'iXZS7S7SX7E:rXXat**)k CAUTION *
?.*****
t In some of the following tests it will be necessary to *
x_----'r*
t operate the keyboard with the bottom cover rerpved. High 3
I voltages (115 or 230 V ac) will be exposed at points tI within the cabinet, particularly at the rear panel. Be *
* 

- 
- --, f ------- J --_- f ------- 

*t extremely careful not to contact these points when making f*J-f--'------a* tests. *
?Ic *
,r6^nanrtrtrtr\ArtAr\rtrtArtnnrtriArtrtAAa6rtr!^rtrt66rtr\r\rtr\ArtrtrtArirtrtri r\66^6^^6rti

Svmptom: Kevboard dead in both modes: does not kev transmitter. sidetone
oscillator. or teleprinter loop.

Suggested Tests: Switch the keyboard on by rotating the volume control
cloclnoise. If the pilot Lamp does not light, check that the keyboard
ls plugged into a lLve outlet delivering 105 to L25 V ac (or 2L0 to
250 V ac if your unit is wired for nominal 230 volt operation--units
so wlred at the factory are marked wlth a special tag). Also check
that a fuse of the proper size and rattng (a Ll4-amp; AGC detayed type)
ls lnstalled ln the fuseholder. Check the ffise with an ohmmeter to
determine whether lt is blown.

If the pilot lamp does light, the trouble nuy be in one of the
two potler supplLes. To check them, unplug the line cord and remove the
bottom cover by removing the three screws from the rear lip and one
from the bottom 1ip beneath the front panel. Note that the Logic
clrcult board is attached to this cover. Pivot the cover away from
the cabinet, being carefuL not to damage the wiring harness. The por^rer
supply voltages may be checked at the locations on the logic board
lndicated ln Figure 6.1.

Reconnect the AC line cord and switch the keyboard on. Using an
accurate AC vottmeter with lts negati.ve lead clipped to the chassis
ground, measure the output of the *5 volt suppLy at the position shown.
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It should be withLn *0.1 volt of +5.0 volts DC. If not, refer to step
L67 in Sectlon 5.L2 for adjustment instructions. If the output is too
htgh and cannot be controlled by the adjustment pot, one or more of the
regulator components may be defectlve. Refer to the schematic diagram
shown in Figure 8.15. Check especially for a shorted pass transistor
(Q201) or an open adjustment pot (P201).

If there is no output voltager or if the voLtage is too low, the
transformer (T301) or rectifier diodes ruly be defective. Use the meter'to check for voltages at the primary and secondary of the transformer.
Also check for shorts across the supply output at other points in the
keyboard--on the circuit boards and in the wiring harness. It is
possible to check for shorts or overloads on the two other circuit boards
by disconnecting the edge connectors from each one in turn, observing
whether the voltage returns to its correct value. Be sure to unplug
the keyboard while the connections are being changed. Note that
unplugging the power supply board will- disabl"e the supply.

Measure the -L2 volt supply at the point shown in Figure 6,L.
It should read between -10.5 and -L3.5 volts. If the output is more
negative than -13.5 volts, the pass transistor (Q205) may be shorted or
the zener diodes (D202 and D203) may be open. If no voltage is present
or if the voltage is too low, check for a defective transformer (T302),
blown dioder or shorted capacitor. As before, the other circuit boards
can be disconnected one at a time to see whether the voltage returns to
norma 1.

If both supplies are functioning properly, set the I,10DE switch to
60 WPM or to MORSE and check the timing signals. Using an oscilloscope,
observe the waveform at the point marked H0 in the diagram. It should
be a squarewave with a frequency of approximately 23 kHz generated by
the timing circuitry shown in Figure 8.8. If it is not present, the
crystal, the oscillator circuit (TC-29), the control gate (parts of
IC-35 and IC-30)r or one of the two divide-by-16 circuits (IC's-38 and 39)
rnay be defective. The oscillator output, Et a frequency of about 6 MHz,
should be observable at pin LZ of TC-29 and at pin 4 of IC-30, Bssuming
that the osc-illoscope has a vertical a$plifier bandwidth of at least 6 MHz.

If the oscillator is working but the H0 clock signal is not present,
check the VHO clock waveform at the point indicated in Figure 6.L. It
should be a squarewave with a frequency of about 372 kIIz. If present,
the difficulty is in the second divider (IC-38).

Once it has been determined that the power supplies and timing
circuits are functioning properly, the next point to check is the output
of the shift register, shown in Figure 8.6. Connect an osciLloscope to
pln 10 of IC-10, the output of the last stage of the shift register,
designated as rrshift register outputrf in Figure 6.L. Be careful not
to short to adjacent pins or conductors.

When the keyboard is idling, the shift regi.ster output should be
rrlolrrr--Iess than 0.8 voLt. Now set the keyboard to the 60 WPM mode and
press the rrFrt key. A series of mark and space pulses should be produced,
as illustrated by the bottom trace in Figure 4.2 (page 4-L2). The space
puLses should be *2.4 volts or greater. If the logic state of this
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output does not change, the keyencoder, ROM, buffer, shift register,
or the assoclated control circuits ls not operating properly. To
conduct more extensi.ve testlng, press the QBF key--a Long string of
pulses should result (nfry mode only).

If the shift register output is satisfactory, the difficulty
must either be a result of incorrect connection to the external equipment
(RTTY loop and CW transmitter) or must result from a failure of both
the RTTY encoder and loop i.nterface circuit (Figure 8.7) and the Morse
clrcuitry, consisting of the Morse character generator (Figure 8.10)
and the Morse output control (Figure 8. Ll).

Svmptom; Keyboard wiLL not operate at any RTTY speed; O.K. in Llorse mode.

Suggested Tests: Since the keyboard operates ln the l"lorse mode, it may

be assumed that the povrer supplies are operating norrnally. The 60
WPM oscillator, lts control gate, and the first two divide-by-16
counters in the timing chain must also be working properly.

First, determlne whether the external RTTY loop is in the mark
(current ftowing) or space (current i.nterrupted) state. If in the mark
state, press the keyboard BREAK key. If the loop connections are
correct and lf the Loop lnterface circuitry (tr'igure 8.7) is operating
properly, the loop current will be lnterrupted. If noq recheck the
Loop connections; then check for a shorted switchlng transistor (Q2) ,
diode (D7) r or capacitor (C301).

If the Loop circuit rernains ln the space state, check the waveform
at the VHfl Line (indicated in Figure 6.1). It should be a squarewave
of about 400 kIIz. If this signal is not present, the switching
transistor (Q2) cannot be dri.ven into conduction. Check the oscillator,
control gate, and first divider circuits in the RTTY timing chain
(Figure 8.8) .

The RTTY control and decodlng circuit (described in Section 4.7
and illustrated in Figure 8.5) is also *unique to the RTTY mode and
should be checked Lf the keyboard fails in thc RTTY mode only. Use the
waveforms in Section IV for compari.son to those observed in the unit
under test.

Svmptom: Kevboard fails to operate at one RTTY speed: O.K. at other speeds
and in the Morse mode.

Suggested Tests: This failure w111 most Likely be caused by a malfunction
of one of the oscillators. Referri.ng to Figure 8.8 for pin connections,
check the output of each oscillator with an oscilloscope or wavemeter.
The oscillator using crystaL Xl is used for 60 WPM operation, XZ for
66 WPM, X3 for 75 WPM, and X4 for L00 llPM. Set the MODE switch to the
malfunctioning speed and check the osciltator signaL after it has passed
through the appropriate control gate for that speed. If a defective
osclllator circuit is dlscovered, lt ls possible to substitute the
crystal from one of the working osclll-ators. In this vray one can
deternlne whether the crystaL or the oscillator IC is at fault.
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Svmptom: Kevboard fal1s to operate in Iulorse mode: O.K. at all RTTY speeds,

Suggested Tests: First, recheck the connections to the transmitter being
keyed. If these are correct, the difficulty will most 1ike1y be found
in the l"lorse character generator (Figure 8. t0) or the Morse output
control (Figure 8.11). The performance of the latter clrcuit may be
checked by pressing the BREAK key. With the transmitter in the "key open"
condition, pressing the BREAK key should close the circuit, putting the
transmitter into the "key closed'r condition, and should key the sidetone' oscillator. If it does not, the switching transistor (a5) may be open,
or one of the external connections to the output jack may be incorrect.

If the transmitter remains locked in the "key closed'r condition,
cheek for a short or reversed polarity of the connections to the trans-
mitter. If they are satisfactory, check for a shorted switching trans-
istor (a5), protection diode (D10), or bypass capacitor (C302 and C303).

Symptom: Kevboard produces incorrect characters or character codes.

Suggested Tests: Since the etements which determine the character codes are
built into the encoder and ROI"I integrated circuits at the time of manu-
facture, it is unlikely that they would cause transmission errors. Iuluch
more probable is that one or more of the diodes in the memory matrix
for the HERE IS sequencer (Figure 8.13) or the three-letter sequencers
(Figure 8. L4) is reversed or shorted. These diodes will affect the
codes transmitted even when the sequencers are not active, since they
are connected in parallel with the ASCII output lines from the keyencoder.

It is often possible to determine which diode is at fault by
comparing the ASCII code for the character that should be transmitted
with that for the character which actually is transmitted. The ASCII
eodes are given in Table 4.2.

Svmptom: HERE IS sequencer or three-Letter sequencers produce incorrect codes.

Suggested Tests: A conmon problem which mey cause the automatic sequencers to
produce incorrect code patterns is improper +rogramming (diode placement)
of the memory matrix. Refer to Se.ction V for programming instructions.
An open-circuit diode or a missing diode will also cause transmission
of an incorrect code for one character.

Svmptom: Keyboard sends all dots in Morse mode and all blanks in RTTY mode.

Suggested Tests: This failure mode indicates that the data buses carrying
ASCII character codes from the keyswitch circuit board to the logic
circuit board are interrupted. An improperly installed edge connector
is one possible cause; a defective or incorrectly instalted buffer
memory option card is another.
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Svmptom: .

Suggested Tests: Check for a shorted or open keyswitch. The switches must
be disconnected from the circuit before they can be checked. Rather
than removing the entire keyswitch module, it is more satlsfactory to
break the conductor path to the non-grounded switch terminal with a
scribe. Once the switch operation has been checked with an ohmmeter,
the path may be restored by laying a small piece of bare tinned wire
across the break and soldering it ln place.

Test points for the Keyswitch circult board and Power Supply circuit
board are shown in Figures 6.2 and 6.3, respectively. Table 6.L, located
on the same foLd-out as Figure 6.L, gives the location on the Logic circuit
board of the many dlfferent waveforms discussed in the text. Integrated
circult designator numbers are printed on the circuit board. Pin L of
eich IC is lndicated by a "flag".

Tables 6.2 and 6 .3 shor^r the signals or voltages present at the three
edge connectors. A complete wiring list for the wire harness is presented
in Table 6.4, Wire colors are assigned only for those wires that connect
to panel mounted components. Wires that only connect between circuit board
edge connectors are not assigned specific colors and are generally the same
color in a given harness.

The IC pin numbers for ground and pohrer connections are shown in
Table 6.5 .
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Table 6.1 Test

IC

I1
I1
I1

111

r13

r14
TL4

r15
r15
r15

r16

TL7

r18

119

t22
T22

123
T23

Points

Pin

Logic Circuit Board

Waveform ICWaveform

Resume ID
Buffer Full
fitrer Re'AA

Load Buffer

Readv
Enable

D5

V+
D3
D2

D1

D7
D6
DO

Morse Shift

Shift Register

Morse End

RTTY Tone

Morse Clock
RTTY Shifr

I"lorse Start
RTTY Start
RTTY Start

RTTY Load

I"lorse End

Morse Character

RTTY Load

DASH
Insert Case Code

DOT

DOT

T2

I3
I3

T4
T4
T4
t4

I5
15
I5
I5

I8

r10

6

5
1, 13

9

L2
4

9
10
15
16

9
10
15
16

100 WPLI Osc.

Letters Case
Figures Case

RTTY Clock

(Gate Output)

75 WPM Osc.
66 WPM Osc.
60 WPM & I,lorse Osc.

Breaku
M/R

0r
2
3
4

(Gate Output)

C=0v1
C = 6 v 7

VH;

CQ Start
ALIX Start
"IIERE IS" A"t'l".

Three Letter
Group Active

QBf Active

ID Active
Ready ID

ID Ready

T24

T25
r25

I'27

T28

T29
r29
T29

r30
r30
r30

r31
r31
r31
13I.
131

r33

T34
T34

Pin

6

6
L2

4

3, 4
2, 6

1, Lz

8

2

6
L2

6
8
9

1

2
3
4
5

10

10

1

6
8

5
I
9

0

HO

136 11

r38 11

r39

r4L
T4L
T4L

153
153

T54

8
11

13

11

3

2, 4

6

I

8
5

8
9

1

3
10

T44 B

I51 8
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I

2

3

4l
I5 | +5V
I6)

7l I -I2V
8)
9

to

il-l I GNDt2)

Figure 6.3 Power Supply Circuit Board Test Points
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Table 6.2 DKB Loglc Board Connector (J305)

4

5

A

B

C

D

E

F

H

J

K

L

M

N

P

R

S

T

U)

,J
I'I

x

Y

Z

+5 v.

66 wpm

75 lrpm

L00 wpm

60 wpm

Break

Morse tffil
* Loop out (tfp)

G round

RTTY EoL Llght

WEIGHT (swltch

ID Actlve (to J

not used

not used

not used

not used

SPEED pot

I^IErclrr (H)

wErclrr (N)

wErcHT (L)

wErcHr (vL)

common)

of buffer)

QBf S tart

HERE IS Start

AIIX Start

Enable

Ready

Clock

CQ Start

Loop out (ring)

-L2 v.

GRID BLOCK

CATIIODE

VOLUME

Ground

Ground

Ground

A6

A5

A4

A3

AO

'A1

A2

1

2

3

6

7

8

9

10

11

L2

13

L4

15

16

L7

18

19

20

2L

22

6-10



Tabte 6.3 DKB Keyboard Connector and DKB Power Supply

Kevboard power Supply

(J306) (J307)

A QBF Start 1 Transf. Cent. TaP

B HERE IS StaTt

C BREAK

D43

E A8 (not used)

FA1

HAO

J A7 (not used)

KA6

LA5

MA4

N SHIFT (to buffer)

P Ground

RA2

S not used

T Clock

U Ready

V Enable

W +5v.

X -L2 v.

Y CQ Start

2)
F Lz.6 vAC.

3)

4 +5 v.

5 +5 V.

6 +5 v.

7 -LZ v.

8 -LZ v.

e I 6.3 vAC
Lo)
11 Ground

L2 Ground

Z AUX Start
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Table 6.5

Integrated Circuit Pin Numbers for Ground and Power Connections

IC TVpe

MM52 13
(or l,lM5 23L)

Mt"l5 740

7 400

740L

7 402

7404

7 40s

74LO

7420

7430

7442

7474

7474

7475

7 493

7 496

74L2L

Ground

none

2

7

7

7

7

7

7

7

7

8

11

7

L2

10

L2

7

*5 volts

L2

32

L4

L4

L4

L4

L4

L4

L4

L4

L6

4

L4

5

-'
5

L4

-L2 volts

L6, 24

18
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VII. PARTS LIST (LLl75 ed. )

Integrated_Circuit s

Trans istors

2N5401
2N5655 (or I,1JE340)
I'LIE370
I'tIE5 21
I"1PS3394 (or MPS3395 or MPS64L4)
I"IPS3703 (or MPS3702 or I',1PS6518)

Diodes

Resis tors

100 ohm, \ watt
L20 ohm, Lo watt
180 ohm, I watt
220 ohm, Lo watt
270 ohm, Lo watt
330 ohm, \ watt
390 ohm, \ watt
47O ohm, \ watt
56 0 ohm, Lo watt
1.0K ohm, Lo watt
1.8K ohm, >4 watt
2.2K ohm, Lo watt
2.7K ohm, Lo watt
3.3K ohm, \ watt-
4.7K ohm, Lo watt

8.2K ohm, Lo watt
10K ohm , Lo watt

1 100K ohm, U watt
2 500 ohm trim-pot
1 1.5K panel pot
1 500 ohm panel pot w/switch

Capac itors

8 100 pf disc ceramic

1

1

6

2

5

6

2

4
2

1

3

5

5

2

9
2
1

MM5 21 3
MM5 740
7 4A0
740L
7 402
7404
7 405
7 4LO
7/+20
7 430
7 442
7473
7474
747s
7 493
7496
7412L

72 1N270
4 1N4001
2 1N4005
46 1N4148
1 LN47 42

C rvs ta 1s

1 5.g57gl
1 6.55360
1 7.45ggg
1 9.73066

(or 1N4005)
(on1y )
(or 1N914)

MHz

MHz
MHz
I'IHz

2

2

1

1

3
1

3

1

4
26
4
1

1

1

1

1

10

1

2

1

1

2

5

1

1

18
8

7

1

1

3

2

220 pf disc ceramic
390 pf disc ceramic
.001 pr,f disc ceramic
.01 p.f disc ceramic
.1 p,f disc ceramic
.1 puf /400V mylar
2.2 lttlL6V axial electrolytic
10 p,tlL6V axial etectrolytic
47 pf (or 50 pf) /16V axial
electrolytic

22A pfl16v radial electrolytic
1000 pfl16v radial electrolytic
4700 pfl16v axial electrolytic

2

2

1
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Switches and Connectors

1 2 pole, 5 position rotary switch
1 3 pole, 4 position rotary switch
1 phono j ack
1 phono plug
1 6 pin female connector she11
2 6 pin male connector she1l
1 3 pin female connector shell
2 3 pin male connector shelI
9 male connector pi-ns
18 fernale connector pins

Circui-t Boards

Cabinet and Brackets

Angle brackets
Connector bracket
Top panel
Bottom panel
Rear panel
Inner right side panel
Inner left side panel
Outer right side panel
Outer left side panel

3

1
1
1
I
1
1

I
1

1 Power Supply Board
I Keyswitch Circuit Board
1 Logic Circuit Board

Trans fo rmers
7

1 Transformer, type A1055 31
1 Transformerr type 6375
1 Transformer Assembly, Audio Output 15

including: 3
I output transformer
1 mounting bracket 3

Miscellaneous Components z

1 Speaker 24
3 Red plastic lens 7
1 neon lamp 3
2 incandescent lamps 11
4 knobs 1
1 fuseholder 11
1 fuse , 2,, ?mP slow-blow 1
1 power cord strain relief 2
1 6 1ug terminal strip 4
1 transistor heat sink type 6LO7 5
1 toroid core type CF102-QI 4

I
Wire 1

3-conductor power cord
DKB-2010 wiring harness 1
24" length rro. 22 tinned bar wire
36" length no. 22 hook-up wire
9" length no. 22 i-nsulated sleeving
48" length r1o. 30 Strip-eze magnet wire
40 t length no. 22 Multi-core solder
48" lengths 2-conductor shielded cable

Hardware

2 4-40 x Lo" round-head serews
1 4-40 x 3/ 8" round-head serews
4 4-4O x \" round-head screws
11 4-40 x '4" round-head Phillips

screws
L4 4-40 hex nuts

No. 4 internal lockwashers
6-32 x 5/ L6" round-head Phillips

screws
6-32 x \" flat-head Phillips screws
6-32 x 14" round-head Phillips

screws
6-32 x 5/8" round-head Phillips

screws
6-32 x 31 4" round-head Phillips

screws
6-32 hex locknuts
No. 6 internal loclcwashers
No. 6, 5/8" di.ameter flatwashers
No. 6 nylon washers
'4t' internal lockwasher
3/8" internal lockwashers
3/8" flatwasher
4-40 x L4t' threaded spacers
6-32 x Lo" threaded spacers
64t x 3/4" threaded spacers
Rubber feet
No. 6 ground-lug
6-32 Thumb-nut

Manual, DKB-2010
1
1
1
1
1
1
1
z
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Keyboard Parts

53 Keyswitches
53 Return Springs
52 Spring Retainer Washers
1 Space Bar Hardware Set

consisting of:
.2 Space-bar plungers
2 Space-bar guides
Z No. 4 x Lun screws
1 Space-bar adapter
1 Space-bar torsi-on bar

1 Keytop Set
consisting of:
1 Space-bar Keytop
I Blank Keytop
2 Shifr Keyrops
1 ttAuxt' Keytop
1 "CQ" Keytop
I "HERE rs" Keytop
t "KN / RETURN" Keytop
1 I'BRK'' Keytop
1 "QBF" KeyEop
1 "BT I ;" Keytop
I "AR / LF" Keytop
1 "AS / -" Keytop
1 "BELL / :" Keytop
1 "? /" Keytop
1 "FrGS / ." Keytop
t "LTRS / ," Keytop
10 Number seE keytops, ttl I !" through ttbtt

26 Letter set keytops, ttAtt through ttztt

3 Keyboard stif f ener bars, i-nsulated

7-3



VIII. DIAGRA},IS

In this section you will find the schematic diagr:ams and layout drawings
for the DKB-2010 keyboard, as listed below.

An expl-anation of the I-abels and codes used in the schematic diagrams
may be found in Section 4,3, Ttre drawing conventions are depicted in
Figure 8.2

Figure 8 . L: DIG- 2010 Block Diagram
Figure 8,2: Drawing Conventions
Figure 8 . 3: Keyboard Encoder
Figure 8.42 ROM Code Converter and Buffer Control
Figure 8.5: RTTY Control and Decoder

Figure 8,6: Shift Register Control
Figure 8.72 RTTY Encoder and Loop Interface
Figure 8 .8: RTTY Timing Chain
Figure 8.9: RTTY Character Counter
Figure 8.L0: Morse Character Generator

Figure 8.11: Morse Output Control
Figure 8.L2: Quick Brown Fox Generator and ID Control
Figure 8.13: Identifier
Figure 8.L4: Three-Character Sequencers
Figure 8.15: Power Srpply Module

Figure 8.16: Power Supply Board Component Layout
Figure 8.L7: Keyboard Circuit Board Component Layout
Figure 8.L8: Keytop Positions
Figure 8.L9: Main Logic Board Component Layout - ICrs
Figure 8.20: Main Loglc Board Component Layout - Smalt Parts

8-1



=
E,(9

6
Y()
oJ
(D

o
o
N

I
(D
\<o

cd
(D
L:
crl
ii

6
>o-=FOFFO<0.Jo

Jg

lrj
ZE,-oJr

u-Eo9oozz
lrj H

lrj

=lJo

(9z;
UJ
Y

Y
C)

urqgd
-Ol--
<Eo(9

E
lrjo

o
aO

(\J

J
J
ilg
(rl-
H3
s=
(Et t-t

tl\
r\(t) I

Llt,

a
lrJ
E.
lrJ-

U>z
EF

559kFJ
uJJoc)
-aB

Ex=i
i3P E

EE
lrJ O

lrJ l- FoL:{(r<(ts
OEIrJ

=<z- lrJ
o(o

J
J
oao

J
uro6E(tsFoz
=8

EF LrJ

coI
@=)o

F
IL(ts
=uJIr-
@'a
F6
(D lrJ

OG

2fr

=ue
o lrJ

T8E
E9=

ts5OF()<
E

UJ LrJAz
3U

J
tP
FF
F>E6

()
Erdol'i-ra)=z
;68

ur(r
F lrJ()F<z(t=f<o
IC)o

dako

da
xO

.J
ur59
OlrJl.
O--ltr
=r!F(/)u

If5o:
oo
!

iz
IJg{
3=
E5
E

8H
-rX(6
I



dtr6o9
t.o
o

i?
F-l(;l
o

?eJO
E5
E

8H

iHI

@zo
Fzt!
zo
O
(9z

=E.o

g
o
a
d
z.

\r
tt-o
,.;
F(L
lrJa
UJ
F
o

zI
F()^
llJ <nzl>J

Eg
6Oz-
fo(r
(9

._1
I -ltr

LrJ
(r,

z7
9(ts:- bJ
h-
lg, r

55zo
O Lrj(JJ

lrJ
Fdt
d1
,QE
+uJ

Jz
f

AI
cd
(l)
L
f
.9
u-

z
o
F()
LJzzo()
o
E,

o(Il

llrJ ^ tf) =l>!tl > o llrJ

lxit 5ql:
I 

= 
g'j'

I Efl nae. t4=u
8fl q

zI
Fo
lrJzzo()
o
z.

z
I
F()
l-rJzzoo

lo
f.-
sf
f.-

oto

#
OY o

3(J

IF
Itr.t

lSptt+
t\-

lorIol5
A E:$

I -61-l=I trtlo- o

E
o
Fo

olrl-
-Jssdsz-<)'

z
lrJ
(L
o

?YY
C)oJ()

IF
lHr
lEr

olY
Ir->
lo
I --tI(J

o
rO

E=q I r I

"=l$ / != 
r

Ei=I ,j EIEp + ep H

t=r ll i> IBed I I 3a I

\J
$
F



tf6o3
o(o
a

a?tj
3E
E5t
8H
JX(d
I

(r
bJoo()z
UJ

o
E.

o
co

UJ
:<

OJ

0
oz

\r
F,.
a
ta;

F(L
UJ
a
lrJF
o

tcl(oL)(Drl
sl sfro-ococd

B. I[E
lx lt/, lb
lH l=8 l=

(o
c)

I

lo
@
F
E.

Fa
a
H

LrJ
E
trJ
I

I

IFlr
t<
IFla
lxlo
lL to
lz.o
EI
l(rco
I(D

l-
lc)
t:
lo

83
toNNNqQro0()(Jooc)oC)9):rC,
lttllrlrL-L-l$.qqqtsr.qsr.bbq
@@0o@@@@@zz@

[o()
I

sl
d

t!
Jo
z
UJ

q
@
o
L:,
.9
L.

rf)
F-o
.t
2
f-
<
trJ(r

r; l;-lAr
\AF \H\" l,-

lst
| 'rt trJ O

+3=. 5 UI an- r
I 9c-: l-l* 6; b

=zE s,E
ag *'", 23 -e
F:(VF
='a-aO
ulF)< o- )<

kJZ
JXJ

tJ
Fo
Z

\
-

tr o'o
O
I

$o
()

roo
-t\O'no
ot:

oo
sf
t,-

Q-E-rr)
+

6
I

tr)

_o
I

q
@_

O
I

lf)
cct

o

tIt-kla
o
Lu

E --.1

Hs-\6
a3,
ozg
Ftr.J F

-tL

==va

Nrosrlo(oF-xxxxxxx

-zE
YC)

(rtL
<J

-b.-

J
F
lr
-a

EHr,



Parts List: Figure 8.3: Keyboard Encoder

C101 390 pf Disc Ceramic Capacitor
C102 - C108 0.1 p,f Disc Ceramic Capacitor (16 volt)
Dl01-Dl38 1N4148 Silicon Diode
1101 MI',I5740AAA/N Inregrared Circuit
1102 74LO Integrated Circuit
ID101 24v, 40 ma Incandescent Lamp

Q101 MPS3702, MPS3703, or I'{PS6518 PNP Transistor
R101-R107 1.0k, Ll4 watt Resistor
S101-S153 Controls Research rrBI-PACrr Keyswitch
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Parts List: Figure 8.4: Buffer Control

r1, 12
I3
T4, 15
I6
Rl-R8

7474 Integrated Circuit
7402 Integrated Circuit
7475 Integrated Circuit
MM5213/N, MM523l/Nr oE MM5203/N
6.8k, Ll4 watt Resistor
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Parts List: Figure 8.5: RTTY Control and Decoder

cl, c2
C3
Dl, D2

TL4, r33, r34
116, T25
r15, r22
r19, T32
T27
T28
R10
Rl1
RLz, R13
Rl4
Rl4A

0.001p,f Disc Ceramic CaPacitor
22Opf Disc Ceramic CaPacitor
1N270 Germanium Diode
74LO Integrated Circuit
7400 Integrated Circuit
7474 Integrated Circuit
7404 Integrated Circuit
7493 Integrated Circuit
742O Integrated Circuit
2.2k, ll4 watt Resistor
2.7k, L/4 watt Resistor
10k, Ll4 watt Resistor
8.2k, L/4 watt Resistor
27o ohm, L/4 watt Resistor
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Parts List: Figure 8.15: Power SuppLy Module

8R301 6 Terminal Tie-StriP
CTOL, C210 22Op,f , L6 volt Electrotytic Capacitor
c202, c204,

C208, C2O9 0.01p,f Disc Ceramic Capacitor
C203 0.001p,f Disc Ceramic Capacitor
C2O5 4700p,f , 16 volt Electrolytic Capacitor
C2O6, C2O7 1000p,f , L6 vott Electrolytic Capacitor
C208 47p,t, 16 volt Electrotytic Capacitor
C305, C306 0.001pr.f , 1000 volt Dlsc Ceramic Capacitor
D201, DTOZ 1N4148 Silicon Signal Diode
D203 LN4742 Zener Diode (L2 volt, L watt)
D2o4-D207 1N4001 0r 1N4005 Silicon Power Diode
F301 Ll 4 srpr slo-blo Fuse
NE30t NE-2 Neon Lamp
P20L 500 ohm Trim-Pot Vertical Mounting
PC301 Power Cord (3-wire)
Q201 t'[18521 NPN Transitor with Thermaloy 6LO7 Heatsink
ezOZ MPS37O2, MPS37O3, MPS6518 PNP Silicon Transistor
Q203 ,Q204 I,1PS3394, MPS3395, MPS65L4 NPN Silicon Transistor
Q205 LtIE 370 PNP Transistor
R2o1 390 ohm, L/tr watt Resistor
R2O2, R204 1.0k, L/4 watt Resistor
R203' R207 L20 ohm, L/4 watt Resistor
R2o5 220 ohm, Ll4 watt Resistor
R2o6 270 ohm, Ll4 watt Resistor
R301 100k, Llz watt Resistor
5303 SPST Power Switch, part of volume control, P3O2

T301 Power Transformer, Stancor P6375
T302 Power Transformer, Stancor P6465



Parts List: Figure 8.14: Three-Character Sequencer

CZLA 0.001pf Disc Cerami.c Capacitor
C22A 0.001p,f Disc Ceramic Capacitor

" I41 74U+ Integrated Circuit
T44 7420 Integrated Circuit
I45, 147 740L Integrated Circuit
T46, I48 7473 Integrated Circuit
I53 74OO Integrated Circuit
I-54 7402 Integrated Circuit
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Parts List: Figure 8.13: Identifier

C2 OA

r40, T42
T4L
I43
T54
JPR5

0.001p,f Disc Ceramic Capacitor
7442 Integrated Circuit
74M Integrated Circuit
7493 Integrated Circuit
7402 Integrated Circuit
Jumper, 1'-28 Insulated Wire, 1" long
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Parts List:

C4
c18
c]-g"-czl
C19A
Dl1-Dl7
141
144
I47
r49
150
151
T52
r53
T54
R44- Rs 0
R51

Figure 8.L2: Quick Brown Fox Generator and ID Control

0.1pf Disc Ceramic Capacitor
47p,t, 16 volt Electrolytic Capacitor
0.01p,f Disc Ceramic Capacitor
0.001p,f Disc Ceramic Capacitor
1N270 Germanium Diode
7404 Integrated Circuit
7420 Integrated Circuit
74OL Integrated Circuit
7493 Integrated Circuit
7473 Integrated Circuit
7430 Integrated Circuit
74LO Integrated Circuit
74OO Integrated Circuit
74OZ Integrated Circuit
10k L/4 watt Resistor
1.0k, Ll4 watt Resistor
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Parts List: Figure 8.11: Morse Output Control

CL7 2.2p,f , L6 volt Electrolytic Capacitor
C17A 4.7ytf , 25 volt Electrolytlc Capacitor
C302,, C303 0.001puf Disc Ceramic Capacitor
C304 10pf, 16 volt Electrolytic Capacitor
D9 1N4148 Silicon Signal Diode
D10 1N4005 Silicon Power Diode
I18, I55 7400 Integrated Circuit
I24 7404 Integrated Circuit
J302, J303 Ll4" Phone Jack, l-circui.t with NO contact
J304 Phono Jack
Pl 500 ohm Trim-Pot, Vertical I'lounting
P302 500 ohm Linear Potentiometer, with Switch (Volume Control)
Q4 1,1PS3703 or MPS6518 PNP Transistor
Q5 2N5655 or M.IE340 NPN Transistor
Q6 2N5401 PNP Transistor
R39, R42,

R43B, R43C 100 ohm, Ll4 watt Resi.stor
R40 390 ohm, L/4 watt Resistor
R41 270 ohm, L/4 watt Resistor
R43 1.0k, L/4 watt Resistor
R43A 4.7k, Ll4 watt Resistor
SP301 2" Speaker, 8 or 25 ohm impedance
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Parts List: Figure 8.10: Morse Character Generator

c14
r11
r]-z , r1g,

r32
r14
r15, T22
118
I.23
T26
r31
JPRl-JPR4
P301
R35
R36
s302

10p,f , L6 volt Electrolytic Capacitor
7402 Integrated Circuit

7404 Integrated Circuit
74LO Integrated Circuit
7474 Integrated Circuit
7400 Integrated Circuit
7473 Integrated Circuit
7493 Integrated Circuit
7MZ Integrated Circuit
Jumper , lt22 Bare Wire
1.5k, Reverse-Log. Taper Potentiometer
47O ohm, 1/4 watt Resistor
330 ohm, L/4 watt Resistor
4 position, 3 pole Rotary Switch (Weight Switch)
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Parts List:

c15
r13
r19
T2O, T23
T2L
T25
ID3O1

Q3
R37
R38

Figure 8.9: RTTY Character Counter

10p,f , 16 volt Electrolytic Capacitor
74L2L Integrated Circuit
74O4 Integrated Circuit
7473 Integrated Circui.t
7493 Integrated Circuit
74OO Integrated Circuit
24 volt , 40 ma Incandescent Lamp
MPS37O2, MPS37O3, MPS6518 PNP Transistor
1.0k, Ll4 watt Resistor
10k, Ll4 watt Resistor
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Parts List: Figure 8.8: RTTY Timing Chain

C6-C13 100 pf Disc Ceramic Capacitor
D8 1N270 Germanium Diode
l-24, I29 74U+ Integrated Circuit
I30 7405 Integrated Circuit
I35 74OZ Integrated Circuit
136-139 7493 Integrated Circuit
R18, R19,

R21-R24,
R33 1.0k, L/4 watt Reslstor

R20 390 ohm, Ll4 watt Resistor
R25-R28 1.8k, L/4 watt Resistor
R29-R32 560 ohm, L/4 watt Resisror
5301 5 position, 2 pole Rotary Switch (I'lode Switch)
X1 5957.818 MHz Quartz Crystal
X2 6553.600 MlIz Quartz Crystal
X3 7459.988 MHz Quartz Crystal
X4 9730.660 MHz Quartz Crystal
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Parts List: Figure 8.72 RTTY Encoder and Loop Interface

C4, C5 0.01pf Disc Ceramic Capacitor
C23, C301 0.001pr,f Disc Ceramic Capacitor
M, D5, D6 1N4148 Silicon Signal Diode

" D7 1N4005 Silicon Power Diode
f24 7404 Integrated Circuit
I.25, I55 7400 Integrated Circuit
T28 7420 Integrated Circuit
I33, T34 74L0 Integrated Circuit
J301 Ll4" Phone Jack, z-circuit
Ql I'{PS3702, I'IPS3703, or I"IPS6518 PNP Transistor
Q2 2N5655 or ItIE340 NPN Transistor
R15 180 ohm, Ll4 watt Resistor
Rt6 3.3k, L/4 watt Resistor
R17 1.0k, L/4 watt Resistor
5301 5 position, 2 pole Rotary Switch (Mode Switch)
T1 PRI = SEC = 30 turns no. 30 l"lagnet Wire

wound on Ferroxcuve Cf102-Ql Toroidal Core
C307, C308 0.001pf Disc Ceramic Capacitors
C309 0.1pf, 400V Mylar Capacitor
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Parts List: Figure 8.6: Shift Regi.ster Control

I7
r8, 111
19, r10
TL2
r16, r18
TL7
R9

7474 Integrated
7402 Integrated
7496 Integrated
7404 Integrated
7400 Integrated
74O5 Integrated
1.0k, Ll4 watt

Circuit
Circuit
Circuit
Circuit
Circuit
Circuit

Res is tors
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